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Fxecutive Summary

Task assignment 233 isa continuation of Task 23 which specified developing

a platform for executing the System for Anomaly and Failure Detection

(SAFD) algorithm during hot firetests at Technology Test Bed (TTB) and

installingthe SAFD algorithm on that platform. Two units were built and

installed in the Hardw'are Simulation Lab and at the TTB in December 1991.

Since that time, efforts have been toward improvi1_.g an d maintaining the

systems, improving the algorithm, performing additional tests to prove the

feasibilityof the algorithm, and supporting hot firetesting. This document

addresses the work done since the lastreport of January 1995 which closed

Task 23.

The SAFD algorith'rnwas developed to augment the current redline system

used in the Space Shuttle Main Engine Controller (SSMEC). The primary

goal was to save hardware during hot firetest failures. Execution against

previous hot firetests demonstrated that the SAFD algorithm can often detect

engine failuresprior to the redline system detecting them and, in some cases,

thisearly detection could save significanthardware.

The algorithm operates continuously at 40ms intervals from start + 7.00

seconds to shutdown as long as the engine is in mair,.stage normal. It

currently monitors 21 parameters and includes provisions for sensor

qualification.

The algorithm uses simple equations to predict parameter values based on Pc

Reference and inlet pressures. The limits are established around these

predicted values. A five sample running average is maintained for each

qualifiedparameter and iscompared to the limitseach cycle. The parameters

are weighted for theircontribution to cut and ifthe totalweight of parameters

out of limitsexceeds the cut value, SAFD willrequest shutdown.

The algorithm includes two methods of sensor qualification;rate and range.

The rate limit qualificationdisqualifiesa parameters ifthe parameter moves

more than the rate qualification limit in a 40 ms period. The range limits

include an upper and lower limit for the parameter. The rate and range

limitsare set individually for each parameter.

All values for limits,delays, rates,weights, etc.are changeable by adaptatiorT

data.

The work on SAFD under Task 233 included improving the platform and the

algorithm, deriving "standard" adaptation data, testing the algorithm against
hot fire test data, providing support for operations at the TTB, providing
routine maintenance, and moving the unit at TTB to SSC.
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During this period, version 4.1 of the platform software was delivered.
Version 4.0 of the algorithm was also formally delivered.

The changes to the platform software closed all but 5 of the outstanding

System Problem Reports (SPRs). There are 4 outstanding SPRs against the

platform and 1 against the algorithm. None of these problems are seMous,

but they should be corrected.

Under this task, efforts were initiated to derive "standard" adaptation data for

the following engine configurations:
All Rocketdyne engine with nominal CCV schedule

Pratt LOX pump with nominal CCV schedule

Pratt LOX pump with modified CCV schedule

This standard adaptation data was derived with emphasis on reducing the

risk of shutting down a good engine. Therefore, it can be expected to be less

sensitive to failures.

This standard adaptation data was executed against 329 hot fire tests. These
tests included the 33 failures designated "significant" by engine systems of

which 19 were usable for SAFD testing, 29 "other" failures of which 24 were

usable and 267 "good" tests of which 256 were usable. The unusable tests were

either missing too much data or the engine shut down prior to SAFD

activation.

As expected, the more generic adaptation data reduced algorithm sensitivity
to failures. With engine specific and more sensitive data, 14 of the 19 usable

significant failures were detected prior t/o redline shutdown With the generic

adaptation data, 8 of the 19 failures were detected prior to the redlines. The 5

cases originally detected that were not detected with the new adaptation data

were rapid failures and engine systems determined that the early shutdowns
indicated in earlier testing would not have saved hardware. There were 3

cases of early SAFD shutdown that engine systems determined would have
saved hardware. These cases had a potential combined savings of over $40

million were detected early even with the new adaptation data (these were

slowly occurring failures). The significant failure cases included two with

Pratt LOX pumps.

The other failures group included 29 tests. Of the usable 24, SAFD indicated

shutdown before the redlines in 4 tests.

The good tests group included 267 tests. Of these, 95 (88 usable) had a

nominally Rocketdyne configured engine with nominal CCV schedule, 46 (45
usable) had a Pratt LOX pump with a nominal CCV schedule, and 126 (123

usable) had a Pratt LOX pump with a modified CCV schedule. SAFD

indicated cut in only one of these tests (901-307) and the parameters appear to

indicate off nominal engine operation. Further review is planned with

engine systems to determine the cause of the shutdown on this test.
page 2
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Under Task 233, Rocketdyne personnel supported SAFD during hot fire tests

TTB-055 through TTB-059 except TTB-056. NASA personnel supported TTB-

056. There was no unexpected behavior in these tests. SAFD was fully

integrated into the TTB test process for tests TTB-057 through TTB-059 and
the cutoff capability was activated for TTB-059. This activity was in

preparation for moving the unit to SSC.

In December of 1995, the unit at TTB was moved to the A1 test stand at

Stennis Space Center (SSC). After installation, SAFD personnel supported
hot fire test 901-847 at SSC where SAFD operated in the monitor mode. The

inputs for two of the facility parameters were reversed dunng this test, but no
cutoff was signaled and the error was corrected post test. A post test rerun

using the recorded data indicated no parameters out of limits. SAFD

subsequently monitored test 901-848 with the only anomaly being that the

PBP accel was disqualified due to loss of the signal.

Testing, both offline and at the test stands, indicates that t?',e algorithm is

acceptable for use on the test stands during nominal tests and that standard

adaptation data can be used. However, the following conditions must be

considered:

• The algorithm should not be used on tests where mixture ratio
excursions, CCV excursions, or other special off-nominal tests are

planned. If it is used during these tests, the limits must be expanded
to accommodate the shifts in the parameter values or the

adaptation data must be set to ignore the affected parameters.

• If the engine is a configuration other than thcse tested here,

adaptation data changes will be required.
• The algorithm will cease monitoring during modes other than

Mainstage Normal (eg. Thrust Limiting, Electrical LockuP,

Hydraulic Lockup).

As a result of testing and analysis, several areas for improvement have been

identified. These should be examined for feasibility and implemented if

possible. These areas include further refinement of the adaptation data, use

of dynamic data to establish all limits, and improvements in parameter

prediction.

The algoritl_m is now being used at test stand A1 in monitor mode. Before it
is activated for cut, a procedure should be established to include engine

systems personnel in the process of generating/reviewing adaptation data.

This repo_ concludes Task 233. All objectives of the task were met.
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I Introduction

TTB STA 23 specified building the hardware and software to implement

the algorithm being developed under STA 21. The task involved building
two units: one that is installed in the Hardware Simulaton Lab (HSL) and

one that was installed at the TTB. Task Assignment 233 specified moving

the unit at TTB to Stennis Space Center (SSC) and that unit is currently

installed at test stand A1. Rocketd)rne personnel at the HSL performed the

task. The effort since the last report has consisted of product

improvement, testing, and maintenance.

1.1 Document Overview

This report relates in detail the approaches taken, the lessons learned, and
recommendation for future efforts. The report is broken down as follows:

Section I

Section 2

Section 3

Sect_,on4

Section 5

Introduction

The SAFD Platform

The SAFD Algorithm

Other Algorithms

Summary

1.2Deliverables

The following listenumerates the current documentation revision levels

and serialnumbers for deliverables.

Item ID

Doc RHF-0032-001

Doc RHF-0032-005

Doc RHF-0032-007

H W SAFD serial# 1

H W SAFD serial# 2

Doc N/A
SW Platform v4.0

Doc RHF-0032-003

D_ RHF-0032-007

13c_ RHF-0032-011

Doc RHF-0032-013

Doc RHF-O032-015

SW Algorithm v4.0

Dec RHF-0032-020

Doc RHF-0032-021

Dcc RHF-0032-022

Dc_ RHF-0032-023

Description

System Specification

System Development Plan

User Guide

SAFD Hardware

SAFD Hardware

SAFD Hardware Drawings

Platform Software

Platform Software Requirements

Platform Software Design

Platform Test Plan

Platform Test Description

Platform Test Report

Platform Version Description Doc

Algorithm Softwara

Algorithm Software Requirements

Algorithm Software Design

Algorithm Test Plan

Algorithm Test Description
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Doc

Doc

RHF-0032-024 Algorithm Test Report

Algorithm Version Description Doc

1.3 Environment

SAFD is designed to operate in the SSME test _tand environment. The

system obtains Vehicle Data Table (VDT) input from a spare VDT output
in the Command and Data Simulator (CADS), facility measurements from

the facility Signal Interface Units (SIUs), and Greenwich Mean Time

(GMT) from the facility GMT lines. It generates a cut signal by closing a

relay connected to the facility cutoff panel. Figure 1 illustrates the

configuration of SAFD at the TTB.

Test Stand T House _

VOT !!L- i - i
(Serial Digital) VDT (parallel digital) iii

Raw Analog ii

i

: :ii Cutoff
........................................................ (discrete)

GMT

Figure I -SAFD TTB Configuration

1.4System Overview

During the system definition phase, NASA and Rocketdyne agreed that it
would be cost effective to separate the platform, which included the

system hardware and those software functions not directly associated with

the algorithm, from the algorithm implementation The reasoning
behind the decision was that the SAFD algorithm was being expanded to

include transients and that at least two other efforts were underway to

develop algorithms. This decision led to a system which allows multiple

algorithms executing simultaneously and allows updating existing

algorithms or creating new algorithms without mcdi-ication of the

platform software or hardware.

This modular approach led to a system where the platform handles all

input/output, scaling, scheduling, recording/playback, display, and user
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interface as these functions are common to all algorithms. Isolating these

function from the algorithms yields a stable platform upon which the

algorithms can be executed. Since the algorithms do net contain generic
functions, only the code directly required to implement a particular

monitoring approach need be contained in the algorithm. _'The algorithms
are thus isolated from the user and the hardware environment. Since the

developer need not worry about the generic functions handled by the

platform, it is easier to change existing algorithms and to create and

integrate new algorithms. Figure 2 illustrates the concept.

CPU 1 (Boot CPU) CPU 2 (Realtime CPU)

/I I\

User Record VD/T Fa!ilit, _T C_ut:f:'J

File Analog

Figure 2 -SAFD System Architecture
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2 SAFD Platform

The platform includes allhardware and software components except the

algorithm software. Under Task Assignment 233 there were no significant
modifications to the hardware, but a new version of the SAFD platform

software was instailed.

2.! SAFD Platform Hardware

The SAFD platform hardware includes all hardware purchased or

developed under the task. The hardware is built around a Concurrent

6450 computer using off-the-shelf components where available.

Rocketdyne built custom hardware for those components not available

off-the-shelf.Figure 3 shows a block diagram of the SAFD system.

VDT
Ch A & B_I

Facility
Analogs

GMT --

Cutoff _

Network -4

_. Receive rs DR11 -W(2) (2)

Filters M PXs

D.tu H 'n0uttTCG Discretes

q C/O H OutputEnb/Dis Discretes

q Ethernet

150 MB

Tape

l Floppy tDisk
I

vl
MI

BI

S_

1

33 MHZ

68030 (2)
I

I 32 MBMemory

Clock I

Graphics
Interface

Printer [Interface

663 MB IDisk

================================================ii_

I! iiii{Graphics {{i{i{:

I[_!ii;iiTerminal _!ii_ii
I_i!!i::i::!i_!!!:¢¢i::iii!i::iii::!::!¢i:¢:i_

I I

1

300 DPI
I ac_r

Figure 3 -SAFD Block Diagram

The major hardware components include the following:

Concurrent 6450 computer and peripherals

VDT interface

Facility analog interface
GMT Time Code Generator (TCG) and interface

Cutoff logic
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2.1.1SAFD Platform Hardware Changes

There were no platform hardware changes during thisreporting period.

2.1.2SAFD Platform Hardware Open SPRs

There are no SPRs open against the platform hardware.

2.2SAFD Platform Software

The SAFD platform software includes allsoftware not d:rectlyassociated

with an algorithm. Functions not requiring realtime response are

executed on the boot processor (CPUI). Those requiring realtime response

and the algorithms are executed on the realtirneprocessor (CPU2). Figure

4 illustrates the software/hardware mapping for the system. The

following paragraphs document changes in off-the-shelfvendor supplied

software and in the Rocketdyne supplied software.

common common common corrmor_ common

memory memory memory memory memory

i3-oot

CPU

graphics I
display

C"-d 'rSeP_ ,_il _1_ reoa_itTo/
/77',

#- _ RTU Operating System L_/,/_ I J

I _ AST _../ AS T

V ..... V
I parallel I/O I i parallel I/O I progr,_m- ADCs

(facilityiT& I
disk I VDTCh AI mableI VDT Ch B I clock relay), inputs)

Figure 4 -Software/Hardware Mapping
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2.2.1SAFD Vendor Supplied Software

There were no changes in the vendor supplied software during this

reporting period.

2.2.2 SAFD Rocketdyne Supplied Software

Version 4.1 of the Rocketdyne supplied platform software was installed in

June 1995. Version 4.1 closed the following SPRs:

2924 No error msg displayed for syntax errors in algorithm map. This

problem also exists in the parameter map.

2925 Algorithm and parameter maps do not allow comments.

2927 Playback cannot "back up" over an "out of synch" VDT.

2928 During test execution, platform hangs on "input not found"

error condition.

2929 Platform allows only 9 facilityparameters.

2930 Analyze function needs to be updated to modes and

disqualificationinformation available from new algorithm.

2931 Platform range checking isno longer needed.

2932 Make the test record filename available :o user for use in

graphs.

2933 Change "Save" and "Save As" to operate without requiring user

to change something on the screen.

2934 Add the calibrated coefficients to the TRF and allow an ideal

simulated calibration.

3476 Change cutoff checkout to allow the user to set and clear the

cutoffrelay.

2.2.3SAFD Platform Software Open SPRs

The following SPRs remain open against the SAFD platform software.

2874 Test does not abort for loss of VDT.
The software will not abort a test when VDT da:a is lost. This is

the preferred response as algorithms may sorr.eaay exist which
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2875

2935

3478

do not require VDT data or there may be occasions where only

facility data need be monitored (such as troubleshooting). The

requirements will be changed in the next update.

Data Errors not incremented for bad VDT.

The systems maintains the error count and marks "bad" VDTs,

but does not post the count to the screen. This does not affect

operation of the system.

Occasionally calibration fails to input the correct low or high cal

point because the cache does not get flushed.

Platform hangs during test save if more than 128 parameters are

entered in the parameter map.

3479 Platform allows user to save incomplete test setup.

2.3 Recommendations

SPR 2874 willbe closed via requirements change. There are no plans to

close SPR 2875 as the gain from implementing it does not justify the

expense of implementation. SPRs 2935, 3478, and 3479 willbe closed in the

next release.
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3 SAFD Algorithm

The requirements for the SAFD algorithm originated with the work done

at Rocketdyne in Canoga Park, California under TTB Task 21. The SAFD

algorithm was developed to augment the current redline system used in

the Space Shuttle Main Engine Controller (SSMEC). Testing has
demonstrated that with slowly occurring failures the SAFD algorithm can

detect engine failures as much as tens of seconds before the redline system

recognizes the failure.

3.1 Algorithm Version 4.0

Version 4.0 of the algorithm is currently installed in both units.

3.1.1 Algorithm Operation

The algorithm operates in 5 modes. In addition to the 5 modes, the

algorithm implements a first instance check which simply verifies that the

parameter is within a specified range during the first active cycle (7.00 or
7.02 seconds). Modes 1, 2, and 5 operate during steady state conditions.

Modes 3 and 4 are active during power up and power down respectively.

The requirements for cutoff have been changed such that any two turbine

temperatures will cause a request for shutdown. Figure 5 illustrates

algorithm operation Mode 4 operates as mode 3 but in the opposite
direction. The algorithm also provides the capability to apply a gain to

parameters during a specified time period and to modify parameter

predictions based on inlet pressures and repress valve operation.

The algorithm includes qualification monitoring for both rate

qualification and range qualification.

3.1.1.1 Shutdown Monitoring

Shutdown monitoring continues from 7.00 seconds after start until

shutdown as long as the engine is in mainstage normal If the engine
enters other modes, such as thrust limiting or hydraulic or electrical

lockup, monitoring is suspended. In order to request shutdown, the

weights of the parameters out of limits must add up to 3.0. Currently, all

parameters are weighted 1.0. A running average of the most recent 5

samples rather than the actual parameter value is checked against

parameter limitsfor purposes of shutdown monitoring.

The algorithm maintains an expected value for each parameter. This

expected value is used as a reference to establish the limits for each

parameter.
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M1

running
expected avg

value

M2

I

f '
"Reference--

M3aM3bM3c M3d[M3e',MS
I I
I

expected ,, "

valuex41_ ' ,, ,"
j,

S
J

upper J ,,
limit t J

pS

running

avg

lower
limit

M1

_ Im _ _ a°

Figure 5 - Algorithm Operation

]'he algorithm adjusts the expected value of some parameters based on

fuel and LOX inlet pressures. This is accomplished by adjusting the
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expected value of the parameter via a slope factor which is set via

adaptation data and then reapplying the current limits based on the new

expected value. Similarly, adjustments to certain parameters are made
when the fuel and GOX repress valves are cycled except that the values are

adjusted via an offset set by adaptation data.

The algorithm also provides the abilityto modify the expected value as a
function of time. This is accomplished by applying a gain during a

specified interval with the gain and the interval being a_aptation data.

This allows closer prediction of parameters that driftover time such as

HPOP IMSL Purge Pressure on engines with Rocketdyne LOX pumps.

At 7.00 seconds a first instance check is made. This check verifies that the

parameter is within a preset range. The preset range is loaded via

adaptation data. This first value begins the accumulation of values for use

in calculating the 5 sample running average.

After the firstinstance check or at the conclusion of mode 5,the algorithm

enters mode I and sets the expected value to the current running average.

In thismode, the limitsare based on a preset upper and lower band loaded

as adaptation data. A value calculated by multiplying an n factor times a

standard deviation is added to this upper and lower band. The n factor

and standard deviation are loaded as adaptation data. The bands are then

added (for the upper) and subtracted (forthe lower) from the expected

value to establish parameter limits.During thisperiod values are saved to

calculate standard deviation for use during mode 2. The length of time

that the algorithm remains in mode 1 is determined by adaptation data

and isnominally 2.00 seconds.

At the conclusion of mode 1,ifthe engine is in steady state,the algorithm

enters mode 2 and sets the expected value to the current running average.

Mode 2 uses preset upper and lower limits plus an n factor times the

standard deviation calculated for mode I. The preset upper and lower

limits and the n factor are adaptation data. The resulting value is the

added (forthe upper) or subtracted (forthe lower) from the expected value

to establish the limits for mode 2. The algorithm will then remain in

mode 2 untilpower level changes or untilshutdown.

Modes 3 and 4 operate identicallybut in opposite directions. Ifthe power

level increases (as detected by monitoring Pc Reference), the algorithm

willenter mode 3. Ifitdecreases, the algorithm willenter mode 4. Note

that alladaptation values for modes 3 and 4 are independent. Note also

that modes 3 and 4 can be entered from any other mode.

Upon entry into mode 3 or 4, the algorithm sets the expected value to the

current running average. It then sets the limits to this expected value plus
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(upper limit) and minus (lower limit) a preset upper and lower limit
which are loaded via adaptation data. This submode (a) remains in effect

for a preset period which is also set via adaptation data. This delay
accommodates lag in the parameters with respect to changes in power

level.

After expiration of the delay for submode a,the algorithm enters submode

b, c,or d and begins to adjust the expected value of parameters based on a

gain which is set via adaptation data. As the expected value changes, the

limitsare reapplied using the new expected value. The determination of

which of these modes to enter is based on the amount of change in Pc

Reference. The only difference in these submodes isthe size of the bands

for the parameter hmits. Normally, the algorithm enters b, followed by c,

followed by d,although itmay skip one or more of these modes.

When Pc Reference levels off again, the algorithm enters submode e

where itcontinues to use the limitsestablished in the previous submode

(a,b, c,or d) and adjusts the expected value via the gain (the same gain

used for submodes b, c, and d). As itadjusts the expected value italso

reapplies the limits. The algorithm remains in this mode for a period
established via adaotation data. As with submode a, this accounts for lag

in the parameter during changes in power level.

At the conclusion of submode e, the algorithm enters mode 5. In mode 5

it retains the previously set limits and the previously calculated expected
value. It remains in mode 5 for a predetermined time set by adaptation

data. At the conclusion of mode 5, the algorithm reenters mode 1 and

begins the cycle anew.

3.1.1.2Sensor Qualification

Sensor qualificationwas added to version 4.0of the SAFD algorithm. The

sensor qualificationincludes both range and rate qualification. All values

used for sensor qualificationare loaded as adaptation data.

The range qualification simply checks that the parameter is within a

specified range.

The rate qualification calculates the amount of change in a parameter

during each 40ms period and then compares this to the value loaded as

adaptation data. This value is currently set at 60% of the sensor range for

most of the parameters.

Ifa parameter failseither of these qualificationtests,monitoring for that

parameter issuspended for the duration of the test.
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3.1.2Algorithm Open SPRs

3477 Algorithm does not

conditions.

set output tags correctly under some

3.2 Off-Line Hot Fire Testing

In order to assess the validity of the algorithm, Rocketdyne personnel

executed the algorithm against hot firedata. The data included cases with

engine failuresas well as good tests and included a variety of engines and

engine configurations from allsingle engine test stands.

The parameter data from 329 testswere downloaded to the HSL. The tests
were divided into three groups; significantfailures,other failures,and

good tests.

Since the lastreport an was initiatedto "standardize" the adaptation data.

Adaptation data was derived for the following engine configurations:

Rocketdyne pumps and nominal CCV schedule

Pratt LOX pump with nominal CCV schedule

Pratt LOX pump with modified CCV schedule

Gains for the parameter prediction equations were changed for each

configuration. To get this data a sample of the gains during ramping was

taken from 10 testsin that category and averaged.

In many cases, a statisticalapproach to deriving adapatation data for

parameter limits did not yleld the desired results. Instead an empirical

approach was used where the adaptation data was executed against the

good tests and, where a number of testsfailedthe same parameter and the

parameter appeared normal, the limitswere widened to accommodate the

samples. The resulting adaptation data was then executed against the

failurecases. The adaptation data was derived to minimize the chances of

shutting down a good engine and therefore made the algorithm less

sensitive to failures. The parameter limitsfor the configurations are the

same for allconfigurations excepting HPOP IMSL Pr and HPFP Balance

Cavity Pressure. These two are differentfor Rocketdyne and Pratt pump

configurations.

Tables I,If,and Illcontain the adaptation data used for RD Engines w/

nominal CCV schedule, Pratt LOX pump w/ nominal CCV schedule and

PrattLOX pump w/ modified CCV schedule respectively.

The following paragraphs detail the results of these tests. Note that the

results of this series of tests have not yet been reviewed by engine systems.
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3.2.1 Significant Failures

A list of 33 significant failures obtained from engine systems constituted

the "significant failures". Of the 33, 14 had no data, were shutdown during
start, or had inadequate data. The results from the other 19 "significant

failures" were analyzed and in 8 cases the SAFD algorithm detected the

failure prior to shutdown. As expected, the standardized adaptation data

reduced the sensitivity of the algorithm so that the percentage of failures

detected was not as high as in previous testing. Previous reports indicated

that 14 of the 19 failures were caught by SAFD prior to redline shutdown.

The 5 that were no longer caught prior to shutdown were rapidly

occurring failures and the earlier shutdowns would not have saved
hardware. The 3 failures previously reported as potentially saving $40

million were stillcaught early with the generic adaptation data. Table IV

contains a summary of the testing and Appendix A contains plots for the

out of limitparameters.

All but two of the significant failure cases were executed using the

adaptation data for Rocketdyne pumps and nominal CCV schedule. Two

tests were engines with Pratt LOX pumps and the appropriate adaptation

data was used forthese tests.

750-041

Shutdown in Start.

750448

SAFD did not detect the failureprior to shutdown. However, there

were 7 of the 21 parameters missing or disqualified, including the

HPOP TDTs. Note also that the failureoccured during mode I while

the limitson parameters are stillquite wide. HPFP Balance Cavity Pr

indicated out at 15.72seconds and HPOP PBP Discharge Pr indicated out

at 15.76. Engine shutdown was at 16.00for HPOP TDT.

7513-160

Shutdown in Start.

750-I75

SAFD indicated cut at 115.60for the following parameters:

HPFP Balance Cavity Pr

H PFP Coolant Liner Pr

HPFP Discharge Pr

HPOP Accel

HPOP Discharge Pr

HPOP PBP Discharge Pr

LPOP Discharge Pr
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Engine shutdown was after 115.60 for facility HPOP Accel,

750-259
SAFD indicated cut at 101.38 for the following parameters:

HPFP Coolant Liner Pr

HPFP Discharge Pr

HPFP TDT A

HPOP Discharge Pr

LPOP Discharge Pr

MCC Liner Cavity Pr

Engine shutdown was after101.50 for facilityHPFP Accel.

750-285

SAFD indicated no parameters out of limits.

223.54 for powerhead thermocouple.

Engine shutdown was at

901-110

901-133

901-136

901-147

No data or bad data.

750-285

SAFD indicated no parameters out of limits.

Engine shutdown was at 223.54 for powerhead thermocouple.

901-173

SAFD did not detect the failureprior to shutdown. However, there

were 7 of the 21 parameters missing or disqualified,including the HPFP

TDTs. HPFP Coolant Liner Pr and MCC Pc indicated out of limitsprior

to shutdown with MCC Pc indicating out at 201.00 seconds and HPFP

Coolant Liner Pr indicating out at 201.08.

Engine shutdown was after 201.16 for HPFP TDT.

9131-183

SAFD did not detect the failure prior to shutdown. HPFP Balance-

Cavity Pr appeared ragged during the test and jumped high prior to

shutdown. However, this was during a throttling phase where the

limits were wider and the parameter did not register out of limits at

this time. HPFP accel registered out of limits at 50.86 but three

parameters are required for shutdown.
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Engine shutdown was after 51.06 for HPFP Accel.

901-222

Data missing.

901-225
SAFD did not detect the failure prior to shutdown. HPOP TDT

exceeded the upper limit at about 14 seconds and exhibited strange

behavior at 117 seconds. HPOP IMSL Pr appears unusually high for the

entire test and exceeded the limit at about 155 seconds. The two

parameters may not be related to the shutdown.

Engine shutdown was after 255.58 for HPFP TDT. These TDTs appear

OK in the VDT.

9131-284
SAFD did not detect the failure prior to shutdown. However, the first

instance check was not used for this run. It would have been able to

detect the failure at 7.02 seconds, Engine systems estimates that $9.2

million could have been saved by early shutdown.

901-331

SAFD indicated cut at 232.48for the following parameters:

HPFP Accel

HPFP Discharge Pr

LPFP Shaft Sp

MCCPc

Engine shutdown was after233.04for HPOP Accel.

901-364

SAFD indicated cut at 386.20for the following parameters:

HPFP Accel

HPFP TI_T A

HPFP TDT B

The following parameters were lostat 268.52seconds.

FPOV Pos

HPFP Discharge l-ft"

HPOP PBP Discharge Pr

HPOP TDT A

HPOP TDT B

LPFP Shaft Sp

LPOP Discharge Pr

OPOV Pos.
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Engine shutdown was after 392.16 for HPOP Accel. Engine systems
estimates that $24.5 million could have been saved by early shutdown.

901-436
SAFD indicated cut from 525.52 to 526.24 for the following parameters:

HPOP IMSL Pr

HPOP TDT A

HPOP TDT B

These do not appear related to the failure, but should be examined by

engine systems.

SAFD indicates cut at 610.88 for the following parameters:

_POV Position

Fuel Flow

HPFP Coolant Liner Pr

HPFP TDT A

HPFP TDT B

Engine shutdown was after 611.04 for HPFP TDT.

901-468

SAFD did not detect the failure. HPFP Coolant Liner Pr drops below

the limit intermittently at 20 seconds but remains within limits

thereafter.

Engine shutdown was after203.88for powerhead thermocouple.

901-666

902-120

902-132
Shutdown in Sta_.

902-198

SAFD did not detectthe failure.

Engine shutdown was after8.44for HPOP Accel.

902-249

SAFD indicated cut at 378.54for the following parameters:

HPFP Coolant Liner Pr

H PFP TDT A

H PFP TDT B

Engine shutdown was after 4513.58 for HPFP Accel. Engine systems
estimates that $14.5 million could have been saved by early shutdown.
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902-428

SAFD indicated no parameters out of limitsbut the engine went into

electricallockup and SAFD only monitors mainstage normal.

Engine shutdown was after 204.00 by CADS for loss of HPFP TDT

redline.

902 -471

SAFD did not detect the failure.HPOP TDT B exceeded the lower limit

intermittentlyfrom 82 to 139 seconds.

Engine shutdown was after 147.66for powerhead thermocouple.

902-562

Shutdown in Start.

904-044 -Pratt LOX Pump
SAFD did not detect the failureprior to shutdown. At 1270.66 SAFD

indicated HPFP Coolant Liner Pr and HPOP Discharge Pr out of limits.

Engine shutdown was after1270.70 for MCC Pc.

904-145 -Pratt LOX Pump

SAFD indicated cut at 241.06for the following parameters:

HPFP Discharge Pr

HPOP Discharge Pr

HPOP PBP Discharge Pr

Engine shutdown was after241.10for HPOP Accel.

3.2.2 Other Failures

The "other failures"group included 29 tests. Of these, 5 were missing too

many parameters, were missing criticaldata items, or shut down in start.

Of the remaining 24 other failures,SAFD indicated cut in 4 tests prior to

shutdown. No analysis has been done to assess the results of these tests.

Table V contains a summary of the testing and Appendix B contains plots

for the out of limitparameters.

3.2.3Good Tests

The "good tests" group included 268 tests. Of these, 95 were Rocketdyne

only engines with nominal CCV scheduling, 47 had PW LOX pumps with
nominal CCV scheduling, and 126 had PW LOX pumps with modified

CCV scheduling. Only one "good" test resulted in a cut being signaled by
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SAFD. This may actually be a bad test and will be reviewed with engine

systems. The following paragraphs will attempt explanation of those tests

with parameters indicating out of limits.

3.2.3.1Rocketdyne Pumps and Nominal CCV

There were 95 tests with Rocketdyne HPOP and HPFP pumps and using

the nominal CCV schedule. Seven terminated prior to SAFD activation

or were missing too much data. There was one SAFD cut which appears

valid and willbe reviewed by engine systems. There were parameters out

of limitson some of the tests. The tests having parameters out of limits

are listedbelow with an explanation of the out of limitsparameters. Table

VI contains a summary of the .testingand Appendix CI contains plots for

the out of limitparameters.

7513-168

HPFP Balance Cavity Pr
Parameter driftslow and out of limitsas though it'sfailingbut then

recovers. Since the algorithm had readjusted to the lower value

during the throttling,the parameter goes out of limits when it

recovers.

750-291

MCC Pc

Parameter spiked at the time of the power failure. May need to

increase the limits although other tests with power failures don't

seem to have the problem.

750-294
Pc Ref bad in data file.Test not valid for SAFD.

901-307 This testregistered a cut. Itisbeing investigated.

HPFP TDT A

Parameter shiftsdownward at about 20 seconds and again at about

60 seconds. The second shiftcauses itto go out of limits.

HPFP TDT B

Parameter continues decreasing even after throttling stopped.

Eventually itexceeds the lower limitat about 50 seconds.

LPOP Discharge Pr
Parameter shiftsdownward and out of limitsat about 17 seconds.

9131-346

FPOV Pos
Parameter turns downward after throttle up and drops below lower

limit. It then increases back to nominal. At about 375 seconds it

again shifts downward and intermittently exceeds the lower limit.
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LPFP Shaft Sp
Parameter shifts upward at about 300 seconds. At about 383 seconds

a spike exceeds the upper limit.

MCC Liner Cavity Pr
Parameter drifts upward during test. On all other engines this

parameter remains constant and below zero.

901-433

Most parameters disqualified because inlet pressures not available.

Test not usable for SAFD evaluation.

901-579

Disqualified parameters
Disqualified due to LOX inlex pressure being disqualified.

Out of limit parameters
Out of limits due to shift in mixture ratio.

9131-655

Disqualifiedparameters

Appears to be channel A failure.

HPFP Accel

Out of limits.

901-662

Not a problem. Pc Ref bad in data file after 75 seconds.

9O2-248

HPFP Coolant Liner Pr

Parameter drifts toward upper limit from 20 to 50 seconds.

Intermittently out of limitsfor remainder of test.

HPOP IMSL Pr

Parameter levelsoffvery early in testbegins,to climb again at about

300 seconds. This behavior differsfrom other Rocketdyne pumps.

902-587

HPFP Balance Cavity Pr
Parameter noisier than normal and driftsup between 75 and 165

seconds.

902-589

HPOP IMSL Pr

Parameter increases faster than expected and exceeds the uppper

limit.Italso levels off earlierthan expected.
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902-596

HPOP PBP Discharge Pr
Parameter noisy between 35 and 63 seconds. Spikes past lower limit

for one cycle at 39 seconds.

3.2.3.2 Pratt LOX Pumps and Nominal CCV

There were 46 testswith a Rocketdyne HPFP and a Pratt HPOP and using

the nominal CCV schedule. One test had bad data. Although there were

no unexpected cuts, there were parameters out of limitson some of the

tests. The tests having parameters out of limitsare listed below with an

explanation of the out of limitsparameters. Table VII contains a summary

of the testing and Appendix C2 contains plots for the out of limit

parameters.

904-162

HPOP SSC Pr

Parameter behaves erraticallyfrom the beginning of the test.

904-165

HPOP SSC Pr

Parameter begins erraticbehavior at about 240 seconds.

904-171

FPOV Pos

Parameter continues to climb afterthrottlingat about 400 seconds.

9044 72

FPOV Pos

Parameter driftsupward during test and finallyexceeds upper limit

at about 710 seconds. Returns to within limitsat 784 seconds.

904-173

FPOV Pos

Parameter driftsupward during test and finallyexceeds upper limit

at about 701 seconds. It breaks the limit three additional times

between 701 and 750 seconds.

904-174

HPOP SSC Pr

Parameter driftsupward fasterthan normal and exceeds the upper

limit.

904-1813

HPFP Accel
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Parameter broke upper limit for one cycle at 371.16. Engine status

was toggling between normal mainstage and thrust limiting.

3.2.3.3Pratt LOX Pumps and Modified CCV

There were 126 tests with a Rocketdyne HPFP and a Pratt HPOP and using

the modified CCV schedule. Three shutdown prior to SAFD activation.

Although there were no unexpected cuts, there were parameters out of
limitson some of the tests. The tests having parameters out of limitsare

listedbelow with an explanation of the out of limitsparameters. Table

VIII contains a summary of the testing and Appendix C3 contains plots for

the out of limitparameters.

901-723

HPFP TDT A

Parameter driftstoward upper limitbeginning at about 170 seconds

and exceeds the upper limitat 245 and 251 seconds. Itcontinues at

the upper edge of the band for the remainder of the test.

HPOP IMSL A

Parameter climbs faster than normal at mainstage entry, then

continues to rise and exceeds the upper limit at 112 seconds. It

continues upward untilabout 180 seconds when itlevels off. This

pattern occurs in other Pratt LOX pumps but most settleout early
and remain flatfor the rest of the test. The phenomena is more

pronounced in Rocketdyne LOX pumps.

MCC Pc

A spike exceeding the upper limit appears in the data at

approximately 650 seconds. Data recording or post test data

reduction problems are assumed to be the cause.

901-772

HPOP IMSL A

Parameter dips below lower limitbetween 341 and 386.

specialtestfor HPOP ISML Pressure.

This was a

901-789

HPFP Accel

Parameter spikes over the upper limitat 509 seconds.

901-809

HPFP Accel

Parameter slowly driftsup until itexceeds the limit. Itreturns in

limitswhen the engine isthrottled at about 430 seconds.

901-816

HPFP Discharge Pr
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Parameter continued toward upper limit after start and remained

there until 125 seconds when it returned to normal.

HPOP TDT B
Parameter continued toward upper limit after start and

intermittently exceeded the limit until throttling at 140 seconds.
This has been seen in other Pratt LOX pumps and can be handled by

adaptation data.

904-196

LPFP Shaft Sp
Parameter exhibitsa downward spike at 363 seconds and exceeds the

lower limit during the spike. The parameter spikes downward

again at about 425 seconds and is disqualified. Instrumentation,

data recording, or post testdata reduction problems are assumed to

be the cause. Hydraulic lockup occurred at 425 seconds.

904-201

HPFP TDT A

Parameter appears noisier than normal (compare to 901-723) and

continues to driftupward untilabout 60 seconds. Spikes exceed the

upper limit6 times during the test with the longest duration being

160ms.

904-205

HPFP TDT A

Parameter appears noisier than normal (compare to 901-723). One

spike exceeds the upper limitfor 40 ms at 433 seconds. There isalso

an unexplained risein the temperature at 170 seconds.

904-207

HPFP TDT A

Parameter driftsupward at 117 seconds and intermittently exceeds

the upper limitbetween 187 and 423 seconds.

HPOP SSC Pr

Parameter driftaccelerates upward at 95 seconds and parameter

exceeds the upper limit untilparameter levels off and limits"catch

up" to it.

904-219

HPFP TDT A

Parameter begins to climb at 207 seconds exceeds the upper limit

and returns to normal at 377 seconds.

904-220

HPFP TDT A
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Parameter behaves same as in 904-219 from 117 to 377 seconds and

again from 417 to 527 seconds.
0

904-227

HPFP Coolant Liner Pr

Parameter becomes erraticafter130 seconds and spikes above upper

limitat 154 seconds. Test had IEA failure.

904-228

All Parameters

Anomalous behavior due to control stabilitytest.

904-233

All Parameters

Anomalous behavior due to mixture ratio excursions.

904-234

HPFP TDT A

Parameter decreases after throttle at 10 seconds until about 55

seconds. This behavior has been noted on some engines with both

Prattpumps.

All Other Parameters

Anomalous behavior due to mixture ratio excursions.

904-235

H PFP TDT A

Parameter similar to that of 904-234. Intermittently breaks lower

limit from 56 to 57 seconds. Hydraulic lockup occurred at 210

seconds.

904-236

H PFP TDT B

Parameter decreases from about 8 seconds untilabout 25 seconds. It

drops below the lower limit between 21 and 37 seconds. An

unexplained increase in temperature occurs at about 130 seconds.

904-242

HPFP TDT B

Parameter isvery erraticfor entiret'est.

904-243

HPFP TDT B

Parameter is very erratic during early part of test and generally

declines from 15 seconds untilthrottle at 35 seconds. Breaks the

lower limit for about 1 / 2 second at 35 seconds.
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904-244

HPOP PBP Discharge Pr

A spike exceeding the upper limit appears in the data at

approximately 645 seconds. Instrumentation, data recording, or data

reduction problems are assumed to be the cause.

904-246

HPFP TDT B

Behavior similarto 904-243. Parameter dips between 15 seconds and

22 seconds. Breaks the lower limit for about I/2 second at 36

seconds.

3.3 Simulation Lab Testing

No additional tests were run in the HSL during thisreporting period.

3.4Live Hot FireTest Experience

In January 1995, the new algorithm was installed at the TTB and

monitored tests TTB-054 through 059. The SAFD cutoffwas active for test

TTB-059. In December 1995 the unit was moved to AI at SSC where it

monitored tests901-847 and 901-848.

3.4.1TTB Testing

TTB-054 -There were no anomalies noted for thistest.

TTB-055 - Dynamic CCV rescheduling was used during thistest. Since the

SAFD adaptation data was not modified to accommodate this,some

parameters indicated out of limits.

TTB-056 -Rocketdyne did not support thistest.

TTB-057 - SAFD personnel began working directlywith TTB personnel to

derive limits and gains for the parameters. An erroneous entry in the

parameter map. fileresulted in the wrong scaling coefficients being
used for HPOP SSC Pr which caused itto be disqualified. There were

no other anomalies.

TTB-058 - There were no anomalies noted for this test. This test included

both mixture ratio and CCV excursions, but the SAFD adaptation data

was modified to accommodate the offnominal conditions.

TTB-059 - There were no anomalies noted for this test. SAFD cutoff was

active for this test.
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3.4.1AI Testi,_g

901-847 -Two facilityparameters (HPFP Bal. Car. Pr and PBP Accel) were

reversed in the parameter map causing them to indicate out of limits

during the test. After correcting the filethe test was rerun in simulate

mode and no anomalies noted. Appendix DI contains the plots for the

rerun of thistest.

901-848 - During the test the PBP accel signal was lost and the accel was

disqualified. No other anomalies were noted. Appendix D2 contains

the plots for this test.

3.5 Algorithm Analysis

In examining the theory behind the algorithm, the idea of using standard

deviation for determining limitsin modes I and 2 but not in modes 3, 4,

and 5 seems logicallyinconsistent. The reasoning originallyprofessed for

using standard deviation was to accommodate differences in sensor noise

among engines and tests.This argument should apply to modes 3,4,and 5

ifitisapptfopriate for modes I and 2.

Even with the abilityto change a parameter based on time, HPOP ISML Pr

stillpresents a problem, particularly for Rocketdyne pumps. The limits

have been expanded to accommodate this but this affects algorithm

sensitivity.

The originalrequirements specified using 60% of the range of a sensor for

rate qualification. Testing indicates that this rule of thumb does not

always apply and the range qualificationlimit for some parameters have

been changed. The range values for allparameters should be reevaluated

with engine systems.

3.6Conclusions

Testing indicates that version 4.0 of the algorithm represents a significant

improvement over previous versions. The new algorithm is less

sensitive to changes in adaptation data and using "standardized"

adaptation data is feasible. Testing indicates that the algorithm is suitable
for test stand use but there are areas that can be improved. Areas for

improvement include the adaptation data, sensor qualification, the
method for determining limits in modes 3, 4, and 5, and the equations for

predicting parameter values.

The "standard" adaptation data used for this testing can be improved. For

example, HPOP IMSL Pr needs further work. Besides improving the

existing adaptation data, additional "standard" data should be developed
to handle off nominal operation such as electrical or hydraulic lockup,
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mixture ratio changes, etc. as well as for other engine configurations, such

as Block II en_nes.

Sensor qualificationcan also be improved. The sensor qualification does

not completely guard against failuresin the engine controller which can

affect parameters, such as IE disqualification. Since some of the

parameters are a singlesensor rather than an average of qualifiedsensors,

the SAFD algorithm can attempt to use the sensor values while the

controller is in the process of disqualifying them. In addition to this

potential problem, the 613% value used to rate qualify sensors does not

appear to be the optimum for allparameters. Some have been changed

based on testexperience, but allshould be evaluated to determine the best

value. Note, however, that using the 5 sample running average and

requiring multiple parameters out of limitsfor shutdown reduce the risk

of erroneous shutdown due to failedsensors.

Although not confirmed by testing,analysis suggests that the logic that

suggests using the standard deviation to modify the limitsduring modes 1

and 2 can be applied to modes 3, 4, and 5. This would make the limits

calculated during these modes more logically consistent with those of

modes I and 2. Ifthe assumption is that this additional expansion of the

limitsfor modes 1 and 2 accommodates parameter or sensor noise, then

the same argument can be used for the other modes.

The equations used to derive the expected value for parameters do not

always accurately reflectthe behavior of the parameter. This isparticularly

apparent during throttling for some parameters. Since there is no

provision for delay at the end of a throttlebased on distance throttled,a

compromise between the delay for a short throttleand the delay for a long

throttle must be made. A more sophisticated method for deriving the

expected values would improve algorithm reliabilityand make derivation

of adaptation data easier.

The current algorithm appears adequate for test stand use and generating

standardized adaptation data for specific engine configurations appears

feasible. The improvements indicated are not necessary to use the

algorithm but would make itmore robust and easier to use.

3.7Recommendations

While the algorithm is adequate for test stand use, the areas for

improvement listed above should be addressed as budget permits.

Additionally, some formal procedure should be established to include

engine systems personnelin the process of generating adaptation data.
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4 Other Algorithms

No algorithms other than SAFD were tested dunng this period.
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5 Summary

Overall, the SAFD platform and algorithm performed well. The SAFD

algorithm is acceptable for use on single engine stands monitoring

production engines. Before using the current algorithm the following
conditions must be considered:

* The algorithm should not be used on tests where mixture ratio

excursions, CCV excursions, or other special off-nominal tests are

planned. Ifitisused during these tests,the limitsmust be expanded

to accommodate the shiftsin the parameter values.

,, If the engine is a configuration other than those tested here,

adaptation data changes willbe required.

. The algorithm will cease monitoring during modes other than

Mainstage Normal (eg. Thrust Limiting, Electrical Lockup,

Hydraulic Lockup).

Testing has proven valuable in assessing the strengths and weaknesses of

the SAFD algorithm. Testing also identified several potential areas for

improvement for the algorithm. Development on the algorithm should

continue in order to address these areas of improvement.

Additional testing and analysis should be done to gain a better

understanding of what parameters can provide indications of impending

engine failure and what those indications are. NASA and Rocketdyne

Engine Systems personnel should assist in evaluating the results of the

testing and analysis.

In addition to testing and analyzing the SAFD algorithm, other available

algorithms should be examined to determine whether ideas from several

of the algorithms could be integrated to produce a superior solution.

Finally, before the algorithm is activated on a test stand, a formal

procedure should be established that includes engine systems in the

process of dfiningthe adaptation data.
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6 Acronyms

ATD

DCU

CADS

CPU

FPOV

FY

GMT

GOX

HEX

HPFTP

HPOTP

HSL

IE

ISP

I/O
LeRC

LOX

LPFTP

LPOTP

MB

MCC Pc

MHz

MSFC

NASA

OE

OPOV

PBP

PID

SAFD

SIU

SPR

SSC

SSME

SSMEC

STA

TCG

TDT

TTB

UTRC

VDT

Advanced Turbopump Design

Digital Computer Unit
Command And Data Simulator

Computer Processing Unit
Fuel Preburner Oxidizer Valve

Fiscal Year

Greenwich Mean Time

Gaseous Oxygen

Heat Exchanger

High Pressure Fuel Turbopump

High Pressure Oxidizer Turbopump
Hardware Simulation Laboratory

Input Electronics
Intermediate Seal Purge

Input / Output
Lewis Research Center

Liquid Oxygen
Low Pressure Fuel Turbopump

Low Pressure Oxidizer Turbopump

Megabyte
Main Combustion Chamber Chamber Pressure

Megahertz

Marshall Space FlightCenter
National Aeronautics and Space Administration

Output Electronics
Oxidizer Prebumer Oxidizer Valve

Preburner Pump

Parameter Identifier

System for Anomaly and Failure Detection

Signal Interface Unit

System Problem Report

Secondary Seal Cavity

Space Shuttle Main Engine

Space Shuttle Main Engine

Special Task Assignment
Time Code Generator

Turbine Discharge Temperature

Technology Test Bed

United Technologies Research Center

Vehicle Data Table

page 32



SAFD Final Report 22 December 1995

Table I

Adaptation Data for Rocketdyne Pumps w/ Nominal CCV Schedule

/* adaptation data using i0 samples from 750, 901, 902 RDB NC for gains

for RD engines w/ nominal CCV schedule */

COLIMIT 3 /* data for safd_4 algorit_hm */

RPL 3006.0 /* pcref at 100% */

GOXVALVE
CLOSE 500.0 /* <time>*/

FUELVALVE

CLOSE 500.0 /7 <time>*/

LPOP INLET PR

QUL 200.0

QLL 0.0

QRATE 120.0

LPFP INLET PR

- QUL - I00.0
QLL 0.0
QRATE 60.0
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_7;__R2d< FPOV POS norTm CUTWEZC-HT

QUL 105.0

QLL 0.0

QRATE 20.0

MODEIDWELL 2.0

MODE 3ADWELL 0

MODE 3EDWELL .24

MODE 4ADWELL 0

MODE 4E DWELL 0

MODE 5DWELL i. 0

MODE3CPCDELTA 100 .0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA 100 .0

MODE4DPCDELTA 101 .0

CHN

SAMPLEWTS 0.05 0.05

LOXGAIN 0.01

FUELGAIN -.02

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 105.0

MODEOLL 0.0

MODEIUL 1.4

MODEILL 1.4

MODEISD 1.4

MODEIFACT 3.0

MODE2UL 2.0

MODE2LL 2.0

MODE2FACT 3.0

MODE3GAIN 3.40

MODE3SIUL 6.5

MODE3SILL 6.5

MODE3S2UL 6.5

MODE3S2LL 6.5

MODE3S3UL 6.5

MODE3S3LL 6.5

MODE4GAIN -3.06

MODE4SIUL 6.5

MODE4SILL 6.5

MODE4S2UL 6.5

MODE4S2LL 6.5

MODE4S3UL 6.5

MODE4S3LL 6.5

0.I 0.2 0.6

page 34



5AFD Final Report 22 December 1995

PL_=kA/_IFUEL FLOW no_qm

QUL

QLL

QBATE

MODEIDWELL

MODE 3ADWELL

MODE 3EDWELL

MODE 4ADWELL

MODE4EDWELL

MODE5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

CUTWEIGHT

24000

0

14400

2 0

0 28

0 12

0 28

0 12

0 2

ii.0

I01.0

ii.0

I01.0

CHN

SAMPLEWTS 0.05 0.05

LOXGAIN 0

FUELGAIN -2. i

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 24000

MODEOLL 0

MODEIUL 250

MODEILL 250

MODEISD 250

MODEIFACT 3.0

MODE2UL 350

MODE2LL 350

MODE2FACT 3.0

MODE3GAIN 1551

MODE3S!UL I000

MODE3SILL i000

MODE3S2UL i000

MODE3S2LL I000

MODE3S3UL i000

MODE3S3LL I000

MODE4GAIN -1575

MODE4S!UL i000

MODE4SlLL i000

MODE4S2UL i000

MODE4S2LL I000

MODE4S3UL i000

MODE4S3LL i000

0.I 0.2 0.6
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/ _ p _r_-_ HEX BY-PASS MIX 7NTE._-ACE_TE3L_

QUL 500

QLL -300

QRATE 480

MODE IDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA i00.0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA 100.0

MODE4DPCDELTA i01 .0

CHN

SAMPLEWTS 0.05

LOXGA!N -I. 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAiN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 500

MODEOLL -300

MODEIUL 40.0

MODEILL 50.0

MODEISD 0

MODEIFACT 3.0

MODE2UL 40.0

'MODE2LL 50.0

MODE2FACT 3.0

MODE3GAIN 0

MODE3SIUL 0

MODE3SILL 0

MODE3S2UL 0

MODE3S2LL 0

MODE3S3UL 0

MODE3S3LL 0

MODE4GAIN 0

MODE4SIUL 0

MODE4S!LL 0

MODE4S2UL 0

MODE4S2LL 0

MODE4S3UL 0

MODE4S3LL 0

0.05 0.!

norm

0.2

_TZ=__n_ !

0.6
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HEX %_NTURI DELTA PRESSU-<E

QUL 5OO

QLL -500

QRATE 6O0
MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA 100.0

MODE4DPCDELTA 101 .0

CHN
SAMPLEZTS 0.05

LOXGAIN -0.07

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 500.0

MODEOLL -500.0

MODEIUL 5.0

MODEILL 5.0

MODEISD 0

MODEIFACT 3.0

MODE2UL 5.0

MODE2LL 5.0

MODE2FACT 3.0

MODE3GAIN 0

MODE3SIUL 0

MODE3SILL 0

MODE3S2UL 0

MODE3S2LL 0

MODE3S3UL 0

MODE3S3LL 0

MODE4GAIN 0

MODE4S!UL 0

MODE4SILL 0

MODE4S2UL 0

MODE4S2LL 0

MODE4S3UL 0

MODE4S3LL 0

0.05 0.i 0.2 0.6

_orm _o±_-_m_- 1
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:_._P :._C=L type2

QUL 30

QLL 0

QRATE 18
MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100 .0

MODE3DPCDELTA 101 .0

MODE 4CPCDELTA 100.0

MODE4DPCDELTA 100 .0

CHN

SAMPLEZ_f S

LOXGAZN

FUELGAIN

LOXOF F ST

' FUELOFFST

PCREFLMTS

0.05 0.05 0.i

0

0

0

0

65 8.0 0

90 8.5 0

I00 9.0 0

104 9.5 0

109 i0.0 0

iii I0.0 0

0.2 0.6
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_ARA_4 HPFTP BALAI[SE_CAV-TY_PRESSURE

QUL i0000

QLL 0

QRATE 4000

MODEIDWELL 2.0

MODE3ADWELL 0.28

MODE3EDWELL 0.48

MODE4ADWELL 0.28

MODE4EDWELL 0.24

MODESDWELL 1.0

MODE3CPCDELTA I0.0

MODE3DPCDELTA ii.0

MODE4CPCDELTA i0.0

MODE4DPCDELTA ii.0

CHN
SAMPLEWTS

LOXGAIN

FUELGA!N

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEiLL

MODE!SD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3S!UL

MODE3SlLL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SIUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05 O.05

0

0

0

0

0

0

0

I0000.0

0

i00

!00

5O

3.0

I00

i00

3.0

425

4OO

400

4OO

4OO

4O0

40O

-424

4O0

400

4O0

4OO

4OO

40O

nc__-r,CUTZ_IGHT i

0.! 0.2 0.6
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_OO_-'-_ __LINER m_=tEc cUREPARA/< HPFTP ....... _ .....

QUL 7000

QLL 1800

QRATE 4200

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.48

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL I. 0

MODE3CPCDELTA ii .0

MODE3DPCDELTA 26.0

MODE4CPCDELTA Ii .0

MODE4DPCDELTA 26.0

CHN
SAMPLEr.S 0.05

LOXGAiN 0

FUELGAiN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 7000

MODEOLL 1800

MODEIUL 75

MODEILL 75

MODEISD 75

MODEIFACT 3.0

MODE2UL 60

MODE2LL 60

MODE2FACT 3.0

MODE3GAIN 333

MODE3SlUL 95

MODE3SlLL 500

MODE3S2UL 500

MODE3S2LL 500

MODE3S3UL 500

MODE3S3LL 500

MODE4GAIN -344

MODE4SIUL 500

MODE4SILL 500

MODE4S2UL 500

MODE4S2LL 500

MODE4S3UL 500

MODE4S3LL 500

.q.D_'-I?. CU_IGHT

0.05 0.i 0.2 0.6
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PA_RAM HPFTP DISCH_.RGE_PRESSURE

QUL 9500

QLL 0

QRATE 5700

MODEIDWELL 2.0

MODE3ADWELL 0.28

MODE3EDWELL 0.36

MODE4ADWELL 0.36

MODE4EDWELL 0.24

MODE5DWELL 1.0

MODE3CPCDELTA I00.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA I01.0

CHN
SAMPLEh_S 0.05

LOXGAIN -0.25

FUELGAIN -0.2

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTA.RT 0

TIMESTOP 0

MODEOUL 9500

MODEOLL 0

MODEIUL 150

MODEILL 150

MODEISD 150

MODEIFACT 3.0

MODE2UL 80

MODE2LL 80

MODE2FACT 3.0

MODE3GAIN 608

MODE3SIUL 850

MODE3S!LL 850

MODE3S2UL 850

MODE3S2LL 850

MODE3S3UL 850

MODE3S3LL 850

MODE4GAIN -611

MODE4SIUL 850

MODE4S!LL 850

MODE4S2UL 850

MODE4S2LL 850

MODE4S3UL 850

MODE4S3LL 850

0.05 0.I 0.2 0.6
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P__R_I4 HPFTP SH_%z-T SPEED norTP,_

QUL 4500O

QLL 0

QRATE 27000

MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.24

MODE4ADWELL 0.24

MODE4EDWELL 0.24

MODE5DWELL 1.0

MODE3CPCDELTA I00.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA I01.0

CHN

SAMPLE_T S 0.05

LOXGA!N 0

FUELGAIN -4.9

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 45000

MODE 0LL 0

MODEIUL 400

MODE ILL 400

MODEISD 400

MODEIFACT 3.0

MODE2UL 300

MODE2LL 300

MODE2FACT 3.0

MODE3CO, IN 2050

MODE3SiUL 2500

MODE3SILL 2500

MODE3S2UL 2500

MODE3S2LL 2500

MODE3S3UL 2500

MODE3S3LL 2500

MODE4C_.IN -2048

MODE4SIUL 2500

MODE4SlLL 2500

MODE4S2UL 2500

MODE4S2LL 2500

MODE4S3UL 2500

MODE4S3LL 2500

CU_CEISHT

0.05 0.! 0.2 0.6
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TURB.., -r.I._ C?iAPA_RA_MHPETP -"E_DIS_--_-_ _

QUL 2650

QLL 810

QRATE 500

MODE IDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL I. 0

MODE3CPCDELTA 100 .0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA 100.0

MODE4DPCDELTA 101.0

CHN

SAMPLEWTS 0.05

LOXGAIN 0.0

FUELGAIN -0.4

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 810

MODEIUL 50

MODEILL 50

MODEISD 50

MODEIFACT 3.0

MODE2UL 60

MODE2LL 60

MODE2FACT 3.0

MODE3GAIN 50

MODE3SIUL 200

MODE3SILL 200

MODE3S2UL 200

MODE3S2LL 200

MODE3S3UL 200

MODE3S3LL 200

MODE4GAIN -46

MODE4SlUL 200

MODE4SlLL 200

MODE4S2UL 200

MODE4S2LL 200

MODE4S3UL 200

MODE4S3LL 200

....... 7arcC - _ v _ 2_

0.05 0.i 0.2 0.6
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PA.RAM H?---? TURBZ}7-_3iS TEY2 CH B nor:

QUG 2650

QLL 810

QRATE 500
MODE IDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 1 .0

MODE3CPCDELTA Ii .0

MODE3DPCDELTA 26.0

MODE4CPCDELTA Ii .0

MODE4DPCDELTA 26.0

CHN
SAMPLEWTS 0.05

LOXGAIN 0.0

FUELGAIN -0.4

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 810

MODEIUL 50

MODEILL 50

MODEISD 50

MODEIFACT 3.0

MODE2UL 60

MODE2LL 60

MODE2FACT 3.0

MODE3GAIN 51

MODE3SlUL 200

MODZ3SILL 200

MODE3S2UL 200

MODE3S2LL 200

MODE3S3UL 200

MODE3S3LL 200

MODE4GAIN -44

MODE4SIUL 200

MODE4SlLL 200

MODE4S2UL 200

MODE4$2LL 200

MODE4S3UL 200

MODE4S3LL 200

CUTWEIGHT

0.05 0.i 0.2 C.6
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EL_RAI._ HPOTP BOCST_-_UI"-_ RADIAL_ ACCEL -yFe2

QUL 30
QLL 0

QRA_E 18
MODEIDWELL 2.0
MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24
MODE 5DWELL 0.2

MODE3CPCDELTA i00 .0

MODE3DPCDELTA 10! .0
MODE4CPCDELTA 100 .0

MODE4DPCDELTA I01.0

CHN
SAMPLEWTS
LOXGAIN

FUELGAIN

LOXOFFST
FUELOFFST

PCREFLMTS

0.05
0
0

0

0
65

90
i00

104
109

iii

0.05

5.5

7.0

8.0
9.0

9.5

9.5

0.i

0

0

0
0

0

0

CUTWEI GHT

0.2 G.6
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p_R_vI Hp OTP_D iS CF__.RGE_P RE S SURE

QUL 7000

QLL 0

QRATE 3000

MODEiDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.48

MODE 4ADWELL 0.34

MODE 4EDWELL 0.24

MODE 5DWELL I. 0

MODE3CPCDELTA 16.0

MODE3DPCDELTA I01 .0

MODE4CPCDELTA 16.0

MODE4DPCDELTA 101.0

CHN
SAMPLEWTS 0.05

LOXGAIN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 7000

MODEOLL 0

MODEIUL 140

MODEILL 140

MODEISD 140

MODEIFACT 3.0

MODE2UL 55

MODE2LL 55

MODE2FACT 3.0

MODE3GAIN 434

MODE3SlUL 450

MODE3SlLL 450

MODE3S2UL 450

MODE3S2LL 450

MODE3S3UL 450

MODE3S3LL 450

MODE4GAIN -457

MODE4SIUL 450

MODE4SILL 450

MODE4S2UL 450

MODE4S2LL 450

MODE4S3UL 450

MODE4S3LL 450

DOtaL

0.05 0.i

CUT,_E IGHT

0.2 0.6
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PA_RAMHPOTPIMSLPURSE_PRE-SS

QUL 650

QLL 0

QRATE 200

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA i00.0

MODE3DPCDELTA i01.0

MODE4 CPCDELTA i00.0

MODE4DPCDELTA i01.0

CHN

SAMPLEZ_S 0.05

LOXGAIN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN .2

TIMESTART 7

TIMESTOP 250

MODEOUL 650.0

MODEOLL 0

MODE!UL 5.0

MODEILL 5.0

MODEISD 5.0

MODEIFACT 3.0

MODE2UL 40.0

MODE2LL 30.0

MODE2FACT 3.0

MODE3GAIN 3.14

MODE3SIUL 22.0

MODE3SILL 22.0

MODE3S2UL 22.0

MODE3S2LL 22.0

MODE3S3UL 22.0

MODE3S3LL 22.0

MODE4GAIN -4.92

MODE4SIUL 22.0

MODE4SILL 22.0

MODE4S2UL 22.0

MODE4S2LL 22.0

MODE4S3UL 22.0

MODE4S3LL 22.0

0.05 0.I 0.2 0.6
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PARAM HPOTP BOOST_PU__DIS_PRESSURE

QUL 9500

QLL 0
QRATE 4700
MODE IDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.48

MODE 4ADWELL 0.24

MODE4EDWELL 0.24

MODE 5DWELL I. 0

MODE3CPCDELTA 16.0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA 16.0

MODE4DPCDELTA i01.0

CHN
SAMPLEZ_S 0.05

LOXGAIN -i.0

FUELGAIN 0.2

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMEST_RT 0

TIMESTGP 0

MODEOUL 9500

MODEOLL 0

MODEIUL 90

MODEILL 90

MODEISD 90

MODEIFACT 3.0

MODE2UL 150

MODE2LL 150

MODE2FACT 3.0

MODE3GAIN 791

MODE3SlUL I000

MODE3SlLL I000

MODE3S2UL i000

MODE3S2LL i000

MODE3S3UL I000

MODE3S3LL I000

MODE4GAIN -851

MODE4SlUL I000

MODE4SiLL I000

MODE4S2UL i000

MODE4S2LL I000

MODE4S3UL I000

MODE4S3LL i000

norm CUTWEIGHU

0.05 0.i 0.2 0.6
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_A_¢_I< HFOTP SEC SE/-_Z CAVITY_PR ty?el

QUL 300

QLL 4

QRATE 180

MODEl DWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 16.0

MODE3DPCDELTA 101.0

MODE4CPCDELTA 16.0

MODE4DPCDELTA i01 .0

CHN

SAMPLEWTS 0.05

LOXGAZN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0.

TIMEGAIN -.I

TIMESTART 0

TIMESTOP 57

MODEOUL 300

MODEOLL 4

MODEIUL 3.0

MODEILL 3.0

MODEISD 3.0

MODEiFACT 3.0

MODE2UL i0

MODE2LL I0

MODE2FACT 3.0

MODE3GAZN .478

MODE3SIUL 20.0

MODE3SILL 20.0

MODE3S2UL 20.0

MODE3S2LL 20.0

MODE3S3UL 20.0

MODE3S3LL 20.0

MODE4GAIN -.736

MODE4SlUL 20.0

MODE4SILL 20.0

MODE4S2U_ 20.0

MODE4S2LL 20.0

MODE4S3UL 20.0

MODE4S3LL 20.0

0.05 9.I

CUTKEI SHT

0.2 0.6
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m_.r TUF_B!'-7----.DIS TESL_ CE A

QUL 2650

QLL 810

QRATE 5O0

MODEIDWELL 2.0

MODE 3ADWELL 0.84

MODE3EDWELL 0.84

MODE 4ADWELL 0.84

MODE4EDWELL 0.84

MODE 5DWELL 3.0

MODE3CPCDELTA i00.0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA I00 .0

MODE4DPCDELTA 101.0

CHN
SAMPLEkTS 0.05

LOXGAEN -0.45

FUELGAIN .3

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 150

MODEIUL 75

MODEILL 75

MODEISD 75

MODEIFACT 3.0

MODE2UL I00

MODE2LL I00

MODE2FACT 3.0

MODE3GAIN 56

MODE3SIUL 350

MODE3SlLL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE3S3LL 350

MODE4GAIN -65

MODE4SIUL 350

MODE4SILL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S2LL 350

CUTWEISHT

0.05 0.i 0.2 0.6
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PA_RAZ_ n:O._ TURBINE DIS TE}-_ CH n .....

QUL 2650

QLL 810

QRATE 5O0

MODEIDWELL 2.0

MODE3ADWELL 0.84

MODE3EDWELL 0.84

MODE4ADWELL 0.84

MODE4EDWELL 0.84

MODESDWELL 3.0

MODE3CPCDELTA I00.0

MODE3DPCDELTA I01.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA i01.0

CHN

SAMPLEZTS 0.05

LOXGAIN -0.45

FUELGAIN .3

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 150

MODEIUL 75

MODEILL 75

MODEISD 75

MODE!FACT 3.0

MODE2UL I00

MODE2LL I00

MODE2FACT 3.0

MODE3GAIN 58

MODE3SIUL 350

MODE3SILL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE353LL 350

MODE4GAIN -66

MODE4SIUL 350

MODE4S!LL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S2LL 350

CUTWEISHT I

0.05 0.i 0.2 0.6
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pA__2_, LPFTP S._-T_S_EED n s_-mT,,

QUL 20000

QLL 0

QRATE 12000

MODEIDWELL 2.0

MODE3ADWELL 0.36

MODE3EDWELL 0.48

MODE4ADWELL 0.36

MODE4EDWELL 0.24

MODE5DWELL 1.0

MODE3CPCDELTA 16.0

MODE3DPCDELTA I01,0

MODE4CPCDELTA 16.0

MODE4DPCDELTA I01.0

CHN
SAMPLEWTS 0.05

LOXGA-N -0.7

FUELGAIN -I. 2

LOXOFF S T 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 20000

MODEOLL 0

MODEIUL 225

MODEILL 225

MODE!SD 225

MODEIFACT 3.0

MODE2UL 225

MODE2LL 225

MODE2FACT 3.0

MODE3GAIN 647

MODE3SIUL II00

MODE3SILL ii00

MODE3S2UL ii00

MODE3S2LL ii00

MODE3S3UL Ii00

MODE3S3LL Ii00

MODE4GAIN -637

MODE4SIUL ii00

MODE4SILL ii00

MODE4S2U-L II00

MODE4S2LL II00

MODE4S3UL II00

MODE4S3LL ii00

0.05 0.i 0.2 0.6
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= ......¢ LPOTP ="Y= D-SSF-ARGE _RESSU-:qE

QUL 600

QLL 0

QRATE 200
MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.24

MODE4ADWELL 0.44

MODE4EDWELL 0.24

MODE5DWELL 0.4

MODE3CPCDELTA i00.0

MODE3DPCDELTA I0!.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA I01.0

CHN
SAMPLEZTS 0.05

LOXGAiN 0.85

FUELGAIN 0

LOXOFFST 0

FUELCFFST 0

TIMEGAIN 0

TIMEST_T 0

TIMESTOP 0

MODEOUL 600

MODEOLL 0

MODEIUL I0.0

MODEILL I0.0

MODEISD I0.0

MODEIFACT 3.0

MODE2UL i0.0

MODE2LL i0.0

MODE2FACT 3.0

MODE3GACN 14.9

MODE3SIUL 40.0

MODE3SILL 40.0

MODE3S2UL 40.0

MODE3S2LL 40.0

MODE3S3UL 40.0

MODE3S3LL 40.0

MODE4GAIN -14.3

MODE4SlUL 40.0

MODE4SlLL 40.0

MODE4S2UL 40.0

MODE4S2LL 40.0

MODE4S3UL 40.0

MODE4S3LL 40.0

0.05 0.i 0.2 0.6

page 53



SAFD Final Report 22 December 1995

PA,<AM MCC PRESSURE

QUL

QLL

QRATE

MODEIDWELL

MODE 3ADWELL

MODE 3EDWELL

MODE 4ADWELL

MODE 4EDWELL

MODE 5 DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE 4DP CDELTA

no__cr CUG,_ISHT

3500

0

2100

2.0

0.24

O.48

0.14

0.24

%.6

9.0

26.0

9.0

26.0

CHN

SAMPLEr--S

L OX GAI N

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3G_:N

MODE3SiUL

MODE3SILL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4S!UL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05

0

0

0

0

0

0

0

3500

0

60

60

60

3.0

30

30

3.0

293

35O

350

35O

35O

35O

35O

-308

35O

35O

35O

35O

35O

350

0.05 0.i 0.2 0.6
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PARAM MCC LINER CAVITY PRESSURE ty_el

QUL i00

QLL -I00

QRATE ! 20

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100 .0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA 100 .0

MODE4DPCDELTA 101.0

CHN

SAMPLEZ_S 0.05

LOXGAZN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL i00.0

MODEOLL -I00.0

MODEIUL 3.3

MODEILL 0.6

MODEISD 3.3

MODE!FACT 3.0

MODE2UL 3.3

MODE2LL 0.6

MODE2FACT 3.0

MODE3GAIN 0

MODE3SIUL 3.3

MODE3SlLL 3.3

MODE3S2UL 3.3

MODE3S2LL 3.3

MODE3S3UL 3.3

MODE3S3LL 3.3

MODE4GAZN 0

MODE4SIUL 3.3

MODE4SILL 3.3

MODE4S2UL 3.3

MODE4S2LL 3.3

MODE4S3UL 3.3

MODE4S3LL 3.3

O.O5 0.I

CU_IGHT

0.2 0.6
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P._I OPOV ACT PO2ZTZON norm

QUL 105

QLL 0

QRATE 20

MODEIDWELL 2.0

MODE 3ADWELL 0

MODE 3EDWELL .24

MODE 4ADWELL 0

MODE 4EDWELL 0

MODE 5DWELL I. 0

MODE3CPCDELTA Ii. 0

MODE3DPCDELTA 101.0

MODE4CPCDELTA Ii. 0

MODE4DPCDELTA I01.0

CHN
SAlVIPLEWTS 0.05

LOXGAZN -0.02

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 105

MODEOLL 0

MODEIUL 3.0

MODEILL 3.0

MODEISD 3.0

MODEIFACT 3.0

MODE2UL 6.0

MODE2LL 6.0

MODE2FACT 3.0

MODE3GA!N 3.46

MODE3SIUL 12.0

MODE3SILL 12.0

MODE3S2UL 12.0

MODE3S2LL 12.0

MODE3S2UL 12.0

MODE3S3LL 12.0

MODE4GAIN -3.47

MODE4SlUL 12.0

MODE4S!LL 12.0

MODE4S2UL 12.0

MODE4S2LL 12.0

MODE4S3UL 12.0

MODE4S3LL 12.0

CUTg_ISHU

0.05 0.i 0.2 0.6
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Table II

Adaptation Data for Pratt LOX Pump w/ Nominal CCV Schedule

/7 adaptation data using I0 samples from 904 NC for gains

for PW LOX pump w/ nominal CCV schedule */

COLIMIT 3 /* data for safd_4 algorithm */

RPL 3006.0 /* pcref at 100% _/

GOXVALVE

CLOSE 500.0 /* <time>*/

FUELVALVE

CLOSE 500.0 /* <time>*/

LPOP INLET PR

Q--UL -- 200.0

QLL 0.0

QRATE 120.0

LPFP INLET PR

QUL I00.0
QLL 0.0

QRATE 60.0
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FPOVYOS

QUL
QT,T.
QP_TE

MODEIDWELL

MODE 3ADWELL

MODE 3EDWELL

MODE 4ADWELL

MODE 4EDWELL

MODE 5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

CHN
SAMPLE_TS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMEST_T

TIMESTGP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SILL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4S!UL

MODE4SlLL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

norm CU_<EIGHT i

105.0

0.0

20.0

2.0

0

.24

0

0

1.0

i00.0

I01.0

i00.0

I01.0

0.05

0.01

-.02

0

0

0

0

0

105.0

0.0

1.4

1.4

1.4

3.0

2.0

2.0

3.0

4.35

6.5

6.5

6.5

6.5

6.5

6.5

-4.23

6.5

6.5

6.5

6.5

6.5

6.5

0.05 0.I 0.2 0.6
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P A2-,J-2< FUEL FLSW

QUL

QLL

QRATE

MODEIDWELL

MODE 3ADWELL

MODE 3EDWELL

MODE 4ADWELL

MODE 4EDWELL

MODE 5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

CHN

SAMPLEkTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGA!N

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SlLL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SIUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

no__r_. CU2IT_ISHT

24000

0

14400

2 0

0 28

0 12

0 28

0 12

02

ii.0

I01.0

Ii.0

I01.0

0.05 0.05 0.i

0

-2 .I

0

0

0

0

0

24000

0

25O

250

25O

3.0

350

35O

3.0

1513

I000

I000

i000

I000

I000

i000

-1608

I000

i000

i000

I000

I000

I000

0.2 0.6
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/*PARA/< HEX BYFASS MIX INTEF_-ACE_TE:-L= nor:

QUL 500

QLL -300

QRATE 480

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4AD_LL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA i01 .0

MODE4CPCDELTA I00 .0

MODE4DPCDELTA i01 .0

CHN

SAMPLEWTS 0.05

LOXGAIN -I.0

FUELGA!N 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTGP 0

MODEOUL 500

MODEOLL -300

MODEIUL 40.0

MODEILL 50.0

MODEISD 0

MODE!FACT 3.0

MODE2UL 40.0

MODE2LL 50.0

MODE2FACT 3.0

MODE3GAIN 0

MODE3SIUL 0

MODE3SlLL 0

MODE3S2UL 0

MODE3S2LL 0

MODE3S3UL 0

MODE3S3LL 0

MODE4GAIN 0

MODE4SiUL 0

MODE4SILL 0

MODE4S2UL 0

MODE4S2LL 0

MODE4S3UL 0

MODE4S3LL 0

0.05 0.i 0.2 0.6
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/_PARAM KEX WENUUR!_DELTA_PRESSURE

QUL 500

QLL -500

QRATE 600
MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA i00.0

MODE3DPCDELTA 101.0

MODE4CPCDELTA I00.0

MODE4DPCDELTA i01.0

C_
SAMPLEWTS 0.05 0.05

LOXGA!N -0.07

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMEST_T 0

TIMESTOP 0

MODE01/L 500.0

MODEOLL -500.0

MODEIUL 5.0

MODEILL 5.0

MODEISD 0

MODEIFACT 3.0

MODE2UL 5.0

MODE2LL 5.0

MODE2FACT 3.0

MODE3GAIN 0

MODE3SIUL 0

MODE3SILL 0

MODE3S2UL 0

MODE3S2LL 0

MODE3S3UL 0

MODE3S3LL 0

MODE4GAIN 0

MODE4SIUL 0

MODE4SILL 0

MODE4S2UL 0

MODE4S2LL 0

MODE4S3UL 0

MODE4S3LL 0

:lO-'2TR_

0.i 0.2 0.6

.

CUTWEIGHT -
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HPFTZ ACCEL :ype2

QUL 30

QLL 0

QRATE 18

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA 100 .0

MODE4DPCDELTA i00.0

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

PCREFLMTS

0.05

0

0

0

65

90

i00

104

109

iii

CUTICEIGHT !

0.05 0.i 0.2

0

8.0 0

8.5 0

9.0 0

9.5 0

I0.0 0

i0.0 0

0.6
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PkRt-d_ HPFTP BALANCE CAVITY PRESSURE

QUL

QLL

QRATE

MODEIDWELL

MODE3ADWELL

MODE3EDWELL

MODE4ADWELL

MODE4EDWELL

MODESDWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

i0000

0

4000

2 0

0 28

0 48

0 28

0 24

i 0

i0.0

ii.0

i0.0

ii.0

CHN

SAMPLEWTS

LOXGAIN

FU_LGAIN

LOXOFFST

FUELOFFST

T!MEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SlUL

MODE3SlLL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SIUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05

0

0

0

0

0

0

0

i0000.0

0

I00

i00

5O

3.0

i00

I00

3.0

423.9

30O

3OO

3OO

30O

3OO

3OO

-464.5

3OO

3OO

300

3OO

3OO

30O

0.05 0.I 0.2

CU_4EIGHT !

0.6
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QUL 7000

QLL 1800

QRATE 4200
MODE IDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.48

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL I. 0

MODE3CPCDELTA ii .0

MODE3DPCDELTA 26.0

MODE4CPCDELTA ii .0

MODE4DPCDELTA 26.0

CHN

SAMPLEWTS 0.05

LOXGAIN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 7000

MODEOLL 1800

MODEIUL 75

MODEILL 75

MODEISD 75

MODEIFACT 3.0

MODE2UL 60

MODE2LL 60

MODE2FACT 3.0

MODE3GAIN 318

MODE3SlUL 95

MODE3SlLL 500

MODE3S2UL 500

MODE3S2LL 500

MODE3S3UL 500

MODE3S3LL 500

MODE4GAIN -351

MODE4SIUL 500

MODE4SlLL 500

MODE4S2UL 500

MODE4S2LL 500

MODE4S3UL 500

MODE4S3LL 500

0.05 0.i

nsrm

0.2 0.E
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P__RAM HPFTP DISCHARGE PRESSURE

QUL 9500

QLL 0

QRATE 5700

MODEIDWELL 2.0

MODE3ADWELL 0.28

MODE3EDWELL 0.36

_DE4ADWELL 0.36

MODE4EDWELL 0.24

MODE5DWELL 1.0

MODE3CPCDELTA i00.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA I00.0

MODE4DPCDELTA i01.0

CP_

SAMPLEWTS 0.05

LOXGAIN -0.25

FUELGAIN -0.2

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 9500

MODEOLL 0

MODE!U-L 150

MODEILL 150

MODEiSD 150

MODEIFACT 3.0

MODE2UL 80

MODE2LL 80

MODE2FACT 3.0

MODE3GAIN 550

MODE3SIUL 850

MODE3SlLL 850

MODE3S2UL 850

MODE3S2LL 850

MODE3S3UL 850

MODE3S3LL 850

MODE4GAIN -605

MODE4SlUL 850

MODE4$1LL 850

MODE4S2UL 850

MODE4S2LL 850

MODE433t_ 850

MODE4S3LL 850

SUTWEIGHT

0.05 0.I 0.2 0.6

page 65



SAFDFinalReport 22December1995

P_ EPFTP SH_T SPEED norm

QUL

QLL

QRATE

MODE 1DWELL

MODE 3ADWELL

MODE 3EDW-ELL

MODE 4AD_LL

MODE 4EDWELL

MODE 5DWELL

MODE3CPCDELTA

MODE 3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

450O0

0

27000

2 0

0 24

0 24

0 24

0 24

1 0

i00.0

I01.0

i00.0

I01.0

CHN
SAMPLEZTS

LOXGA!N

FUELGAIN

LOXOFFST

FUELOFFST

TiMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIL_

MODE3SILL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SIUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05

0

-4.9

0

0

0

0

0

45OOO

0

400

4O0

4OO

3.0

300

3OO

3.0

2047

2500

2500

2500

2500

2500

2500

-2199

2500

2500

2500

2500

2500

2500

SUTWEIGHT

0.05 0.i 0.2 0.6
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P __RPC< HPFTP TU_RBIN_ DIS TEb_ CH A

QUL 2650

QLL 810

QRATE 500

MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.24

MODE4ADWELL 0.24

MODE4EDWELL 0.24

MODESDWELL 1.0

MODE3CPCDELTA I00.0

MODE3DPCDELTA i0!.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA i01.0

CHN

SAMPLEWTS 0.05

LOXGAIN 0.0

FUELGAIN -0.4

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 810

MODEIUL 50

MODEILL 50

MODEISD 50

MODEIFACT 3.0

MODE2UL 60

MODE2LL 60

MODE2FACT 3.0

MODE3GAIN 58

MODE3SlUL 200

MODE3SlLL 200

MODE3S2UL 200

MODE3S2LL 200

MODE3S3UL 200

MODE3S3LL 200

MODE4GAIN -61

MODE4SIUL 200

MODE4SILL 200

MODE4S2UL 200

MODE4S2LL 200

MODE4S3UL 200

MODE4S3LL 200

nO !-[<

0.05 0.! 0.2 0.6

CUTWEIGHT
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PARAI4 H_=F7__ TURSII_ _- D,s _vm.... _._-=E norTr, _v,_-i_ ....

QUL 2650

QLL 810

QRATE 500

MODE IDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDg_LL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL I. 0

MODE3CPCDELTA ii .0

MODE3DPCDELTA 26.0

MODE4CPCDELTA ii .0

MODE4DPCDELTA 26.0

CHN

S_MPLEWTS 0.05

LOXGAIN 0.0

FU_LGAIN -0.4

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TI_STOP 0

MODEOUL 2650

MODEOLL 810

MODEIUL 50

MODE!LL 50

MODEISD 50

MODEIFACT 3.0

MODE2UL 60

MODE2LL 60

MODE2FACT 3.0

MODE3GAIN 69

MODE3SlUL 200

MODE3SILL 200

MODE3S2UL 200

MODE3S2LL 200

MODE3S3UL 200

MODE3S3LL 200

MODE4GAIN -71

MODE4SIUL 200

MODE4SILL 200

MODE4S2UL 200

MODE4S2LL 200

MODE4S3UL 200

MODE4S3LL 200

0.05 0.i 0.2 0.6
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P A_R_>I HPOTP BOOST P_ RADIAL ACCEL type2

QUL 30

QLL 0

QRATE 18

MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.24

MODE4ADWELL 0.24

MODE4EDWELL 0.24

MODE5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA i01.0

MCDE4CPCDELTA 100.0

MODE4DPCDELTA i01.0

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

PCREFLMTS

0.05

0

0

0

0

65

90

i00

104

109

Iii

0.05

5.5

7.0

8.0

9.0

9.5

9.5

0.1

0

0

0

0

0

0

0.2

CU_4EIGHT !

0.6
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n__0.: s_S_HA__,_nPRESSURE

QUL 7000

QLL 0

QRATE 3000

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.48

MODE 4ADWELL 0.34

MODE4EDWELL 0.24

MODE 5DWELL i. 0

MODE3CPCDELTA 16.0

MODE3DPCDELTA 101.0

MODE4CPCDELTA 16.0

MODE4DPCDELTA 101 .0

CHN

SAMPLEWTS 0.05

LOXGAIN 0

FUELGAiN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TLMESTOP 0

MODEOUL 7000

MODEOLL 0

MODEIUL 140

MODEILL 140

MODEISD 140

MODEIFACT 3.0

MODE2UL 55

MODE2LL 55

MODE2FACT 3.0

MODE3GAIN 407

MODE3SIUL 450

MODE3SILL 450

MODE3S2UL 450

MODE3S2LL 450

MODE3S3UL 450

MODE3S3LL 450

MODE4GAIN -462

MODE4SlUL 450

MODE4S!LL 450

MODE4S2UL 450

MODE4S2LL 450

MODE4S3UL 450

MODE4S3LL 450

0.05 0.I 0.2 0.6

CUTWEIGHT
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PAE_I_. HPOTP IMSL PURGE PRESS nc_r77.

QUL 650

QLL 0

QRATE 200

MODEIDWELL 2.0

MODE 3ADZ_LL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100 .0

MODE3DPCDELTA i01 .0

MODE4CPCDELTA I00.0

MODE4DPCDELTA 101 .0

CHN

SAMPLEWTS

LOXGAIN

FUELGAiN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MOD E 0LL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SlUL

MODE3SILL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SIUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05 0.05

0

0

0

0

0

0

0

650.0

0

5.0

5.0

5.0

3.0

I0.0

i0.0

i0.0

.2207

22.0

22.0

22.0

22.0

22.0

22.0

-.3351

22.0

22.0

22.0

22.0

22.0

22.0

0.I

CUT_ISHT

0.2 0.6
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PA.R_24 HPOTPBOOS--Pb%_218 __.RESSUBZ

QUL
QLL

QRATE

MODEIDZ_LL

MODE3ADWELL

MODE3ED;_LL

MODE4ADWELL

MODE4EDg_LL

MODE5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

9500

0

4700

2 0

0 24

0 48

0 24

0 24

I 0

16.0

i01.0

16.0

i01.0

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODE!SD

MODE!FACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SlLL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SlUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05

-i .0

0.2

0

0

0

0

0

9500

0

90

90

9O

3.0

150

150

3.0

7OO

I000

i000

i000

i000

i000

i000

-803

i000

i000

I000

I000

I000

i_00

0.05 0.I 0.2

CU2-_rEI G HT !

C.6
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P

PAR_-d< HPOTP SEC SEAL _._-.v._Y _R type!

QUL 300

QLL 4

QRATE 180

MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.24

MODE4ADN_LL 0.24

MODE4EDWELL 0.24

MODESDWELL 0.2

MODE3CPCDELTA 16.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA 16.0

MODE4DPCDELTA I01.0

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TI_GAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODE!SD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SILL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SIUL

MODE4SlLL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05 0.05

0

0

0

0

0.05575

7.0

500.0

300

4

3.0

3.0

3.0

3.0

i0

I0

3.0

2.273

20.0

20.0

20.0

2O 0

20 0

2O 0

-i 910

2O 0

2O 0

2O 0

2O 0

2O 0

20.0

0.I 0.2 0.6

CUTWEIGHT i
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F._R._24 HY3T_= TURBIIfE DIS TEICr CE A

QUL 2650

QLL 810

QRATE 500
MODE IDWELL 2.0

MODE3ADWELL 0.84

MODE3EDWELL 0.84

MODE4ADWELL 0.84

MODE4EDWELL 0.84

MODESDWELL 3.0

MODE3CPCDELTA i00.0

MODE3DPCDELTA I01.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA I01.0

CHN

SAMPLEWTS 0.05 0.05

LOXGAiN -0.45

FUELGAIN .3

LOXOFFST 0

FUELOFFST 0

TIMEGA_IN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 150

MODEIUL 75

MODEILL 75

MODEISD 75

MODEIFACT 3.0

MODE2UL i00

MODE2LL i00

MODE2FACT 3.0

MODE3GAIN 31.18

MODE3SlUL 350

MODE3SlLL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE3S3LL 350

MODE4GAIN -45.85

MODE4SlUL 350

MODE4SlLL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S3LL 350

C.!

.CO L'IT_

0.2

CUTWEIGHT i

0.6
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PA.RL_M KPOUP TURBINE- DIS TE_ CH B norm

QUL 2650

QLL 810

QRATE 500

MODEIDWELL 2.0

MODE3ADWELL 0.84

MODE3EDWELL 0.84

MODE4ADWELL 0.84

MODE4EDWELL 0.84

MODE5DWELL 3.0

MODE3CPCDELTA i00.0

MODE3DPCDELTA I01.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA I01.0

CHN

SAMPLEWTS 0.05

LOXGAIN -0.45

FUELGAIN .3

LOXOFFST 0

FUELOFFST 0

TI_GAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 150

MODEIUL 75

MODEILL 75

MODEISD 75

MODE!FACT 3.0

MODE2UL I00

MODE2LL I00

MODE2FACT 3.0

MODE3GAIN 40.02

MODE3SIUL 350

MODE3SILL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE3S3LL 350

MODE4GA!N -52.41

MODE4SiUL 350

MODE4SILL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S3LL 350

0.05 0.1 0.2

CU_EIGHT

0.6
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LPFTY SF_T SPEED

QUL 20000

QT,T, 0

QRATE 12000
MODE!DWELL 2.0

MODE 3AD_FELL 0.36

MODE3EDWELL 0.48

MODE 4ADWELL 0.36

MODE4EDWEL2 0.24

MODE 5DWELL i. 0

MODE3CPCDELTA 16.0

MODE3DPCDELTA i01 .0

MODE4CPCDELTA 16.0

MODE4DPCDELTA 101.0

CHN

SAMPLEWTS 0.05 0.05

LOXGAIN -0.7

FUELGAIN -1.2

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIM_START 0

TIMESTOP 0

MODEOUL 20000

MODEOLL 0

MODEIUL 225

MODEILL 225

MODEISD 225

MODEIFACT 3.0

MODE2UL 225

MODE2LL 225

MODE2FACT 3.0

MODE3GAIN 586.2

MODE3SIUL !i00

MODE3SlLL ii00

MODE3S2UL Ii00

MODE3S2LL ii00

MODE3S3UL ii00

MODE3S3LL ii00

MODE4GAIN -644.8

MODE4SIUL Ii00

MODE4SlLL ii00

MODE4S2UL Ii00

MODE4S2LL ii00

MODE4S3UL II00

MODE4S3LL Ii00

0.I 0.2 O.6
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P_ LPOTP PUYP DISCHARGE 7RESSURZ

QUL 6OO

QLL 0

QRATE 200

MODEiDWELL 2.0

MODE 3ADgF£LL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.44

MODE 4EDWELL 0.24

MODE 5DWELL 0.4

MODE3CPCDELTA 100 .0

MODE3DPCDELTA i01.0

MODE4CPCDELTA 100.0

MODE4DPCDELTA 101 .0

CHN
SAMPLEWTS 0.05

LOXGAIN 0.85

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 600

MODEOLL 0

MODEIUL i0.0

MODEILL i0.0

MODEISD i0.0

MODEIFACT 3.0

MODE2UL i0.0

MODE2LL i0.0

MODE2FACT 3.0

MODE3GAIN 20.01

MODE3SlUL 40.0

MODE3SILL 40.0

MODE3S2UL 40.0

MODE3S2LL 40.0

MODE3S3UL 40.0

MODE3S3LL 40.0

MODE4GAIN -19.66

MODE4SIUL 40.0

MODE4SILL 40.0

MODE4S2UL 40.0

MODE4S2LL 40.0

MODE4S3UL 40.0

MODE4S3LL 40.0

0.05 0.i

nO rfC._

0.2

CUTWEIGHT i

0.6
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MCC PRES SU.R£ norm CUNa_IGHU

Q_L

QLL
QBATE
MODE IDZ_LL

MODE 3ADWELL

MODE3EDWELL

MODE4ADWELL

MODE4EDWELL

MODE5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

35OO

0

2100

2 0

0 24

0 48

0 14

0 24

0 6

9 0

26.0

9.0

26.0

CHN

SAMPLEWTS 0.05 0.05

LOXGAIN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 3500

MODEOLL 0

MODEi'JL 60

MODE!LL 60

MODEISD 60

MODEIFACT 3.0

MODE2UL 30

MODE2LL 30

MODE2FACT 3.0

MODE3GAIN 284.8

MODE3SIUL 350

MODE3SlLL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE3S3LL 350

MODE4GAIN -316.0

MODE4SlUL 350

MODE4SILL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S3LL 350

0.I 0.2 0.6
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MC.3 LINER CAVITY PRESSURE _yTel

QUL i00

QLL -I00

QRATE 120

MODEIDWELL 2 .0

MODE 3ADgF£_LL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA i01 .0

MODE4CPCDELTA I00 .0

MODE4DPCDELTA i01.0

CHN

SAMPLEWTS

LOXGAIN

FU_LGAIN

LOXOFFST

FUELOFFST

TIME_AIN

TIMESTART

TIMESTOP

MODE 0UL

MODE 0LL

MODEIUL

MODEILL

MODEISD

MODE!FACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SlLL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SlUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05 0.05

0

0

0

0

0

0

0

I00.0

-i00.0

3.3

0 6

3 3

30

33

0 6

3 0

0

3.3

3.3

3.3

3.3

3.3

3.3

0

3.3

3.3

3.3

3.3

3.3

3.3

0.I 0.2 0.6

CUTWE!GHT i
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p __R.nM _j _._ POSZTZON r',orm

QUL 105

QLL 0

QRATE 20

MODE IDWELL 2.0

MODE 3ADWELL 0

MODE 3EDWELL .24

MODE 4AD?FELL 0

MODE 4ED?FELL 0

MODE 5DWELL i. 0

MODE3CPCDELTA ii .0

MODE3DPCDELTA 101.0

MODE4CPCDELTA Ii. 0

MODE4DPCDELTA 101 .0

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SILL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SlUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05

-0.02

0

0

0

0

0

0

105

0

3.0

3.0

3.0

3.0

6.0

6.0

3.0

4.539

12 0

12 0

12 0

12 0

12 0

12 0

-5 038

12.0

12.0

12.0

12.0

12.0

12.0

CUTWEIGHT

0.05 0.I 0.2 0.6
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Table Ill

Adaptation Data forPrattLOX Pump w/ Modified CC-V Schedule

/* adaptation data using i0 samples from 904 MC for gains

for PW LOX pump w/ modified CCV schedule */

COLIMIT 3

RPL 3006.0

GOXVALVE

CLOSE

/* data for safd 4 algorithm */

/* pcref at 100%--*/

500.0 /* <time>*/

FUELVALVE

CLOSE 500.0 /* <time>*/

LPOP INLET PR

Q[TL - 200.0

QLL 0.0

QRATE 120.0

LPFP INLET PR

Q-_ - 100.0
QLL O. 0

QRATE 60.0
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PARAM Y__DV POS

QUL

QLL

QRA_
MODEIDWELL

MODE3ADg_LL

MODE3EDW_LL

MODE4ADWELL

MODE4EDWELL

MODE5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODE 0UL

MODE 0LL

MODEIUL

MODE 1LL

MODEISD

MODEIFACT

MODE 2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SlUL

MODE3SILL

MODE 3 S 2UL

MODE 3S2LL

MODE 3S 3UL

MODE 3S 3LL

MODE 4GAIN

MODE 4S 1UL

MODE 4S ILL

MODE4 S2UL

MODE4S2LL

MODE 4 S 3UL

MODE 4 S 3LL

norm CUTWEiGHT i

105.0

0.0

20.0

2.0

0

.24

0

0

1.0

i00.0

i01.0

100.0

I01.0

0.05 0.05 0.I

0.01

-.035

0

0

0

0

0

105.0

0.0

1.4

! 4

1 4

3O

2 0

2 0

3O

3.1

6.5

6.5

6.5

6.5

6.5

6.5

-2.8

6.5

6.5

6.5

6.5

6.5

6.5

0.2 0.6
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P_ FUEL FLOW

QLV_

QLL

QRATE

MODEIDWELL

MODE3ADWELL

MODE3EDWELL

MODE4ADWELL

MODE4EDWELL

MODE5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODE 0LL

MODEIUL

MODEILL

MODEISD

MODE iFACT

MODE 2UL

MODE2LL

MODE2FACT

MODE 3GAZ N

MODE3SIUL

MODE3SlLL

MODE 3 S 2UL

MODE3S2LL

MODE3S3UL

MODE3S 3LL

MODE 4 GAIN

MODE4SIUL

MODE4SlLL

MODE 4S 2UL

MODE 4 S 2LL

MODE 4 S 3UL

MODE 4 S 3LL

norm CUTXEIGHT

24000

0

14400

2.0

0.28

0.12

0.28

0.12

0.2

ii.0

I01.0

ii.0

i01.0

0.05 0.05 0.i

0

-2.3

0

0

0

0

0

24000

0

250

250

250

3.0

35O

350

3.0

1554

i000

i000

i000

i000

i000

i000

-1533

i000

i000

i000

i000

i000

i000

0.2 0.6
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/_PARL/< HEX =vn_cc _,,IX INTER-ACE TE:-_

QUL 50O

QLL -300

QRATE 480

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDgFELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA 101.0

MODE4CPCDELTA 100.0

MODE4DPCDELTA 101 .0

CHN
SAMPLEWTS 0.05

LOXGAIN -i.0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TLMESTOP 0

MODEOUL 500

MODEOLL -300

MODEIUL 40.0

MODEILL 50.0

MODEISD 0

MODEIFACT 3.0

MODE2UL 40.0

MODE2LL 50.0

MODE2FACT 3.0

MODE3GAIN 0

MODE3SIUL 0

MODE3SILL 0

MODE3S2UL 0

MODE3S2LL 0

MODE3S3UL 0

MODE3S3LL 0

MODE4GAIN 0

MODE4SlUL 0

MODE4SlLL 0

MODE4S2UL 0

MODE4S2LL 0

MODE4S3UL 0

MODE4S3LL 0

0.05 0.i

nor:

0.2

CUT&El SHT i

0.6
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/ _P_i HEK_'T£NT URI_DEL TA_P RE S SURE

QUL 50O

QLL -500

QRATE 600
MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE3EDWELL 0.24

MODE 4AD?FELL 0.24

MODE4EDWELL 0.24

MODESDWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA 100.0

MODE4DPCDELTA 10 i. 0

CHN
SAMPLEWTS 0.05

LOXGAIN -0.07

FU_LGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

T_ESTOP 0

MODEOUL 500.0

MODEOLL -500.0

MODEIUL 5.0

MODEILL 5.0

MODEISD 0

MODEIFACT 3.0

MODE2UL 5.0

MODE2LL 5.0

MODE2FACT 3.0

MODE3GAIN 0

MODE3SlL_ 0

MODE3S!LL 0

MODE3S2UL 0

MODE3S2LL 0

MODE3S3UL 0

MODE3S3LL 0

MODE4GA!N 0

MODE4SIUL 0

MODE4SlLL 0

MODE4S2UL 0

MODE4S2LL 0

MODE4S3UL 0

MODE4S3LL 0

ncrm

0.05 0.i 0.2 0.6

CU_;ZIGHT
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PARAH HPFTP ACCEL :ype2

QUL 30

QLL 0

QRATE 18

MODEIDWELL 2.0

MODE 3ADT_ELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE4EDW-_LL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA 101 .0

MODE 4CPCDELTA 100 .0

MODE4DPCDELTA i00 .0

CHN

SAMPLEZ_S

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

PCREFLMTS

CUTWE!SHT

0.O5 0.05 G.I

0

0

0

0

65 8.0 0

90 8.5 0

i00 9.0 0

104 9.5 0

109 I0.0 0

iii i0.0 0

0.2 0.6
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PAR_2 HPFTP BALANCE CAVITY P.RESSUF£

QUL i0000

QLL 0
QRATE 4000

MODEIDWELL 2.0

MODE 3ADWELL 0.28

MODE 3EDg_LL 0.48

MODE 4ADWELL 0.28

MODE 4ED?FELL 0.24

MODE 5DR_LL i. 0

MODE3CPCDELTA I0.0

MODE3DPCDELTA Ii. 0

MODE4CPCDELTA i0 .0

MODE4DPCDELTA ii. 0

CHN

SAMPLEr.S 0.05

LOXGAIN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL i0000.0

MODEOLL 0

MODEIUL i00

MODEILL I00

MODEISD 50

MODEIFACT 3.0

MODE2UL i00

MODE2LL i00

MODE2FACT 3.0

MODE3GAIN 461

MODE3SlUL 300

MODE3SILL 300

MODE3S2UL 300

MODE3S2LL 300

MODE3S3UL 300

MODE3S3LL 300

MODE4GAIN -471

MODE4SIUL 300

MODE4SILL 300

MODE4S2UL 300

MODE4S2LL 300

MODE4S3UL 300

MODE4S3LL 300

0.05 0.1 0.2

CUI_ ! GHT i

0.6
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H_OFTP _jLAN_ =:Nn.___PRESSURE

QUL 7000

QLL 1800

QRATE 4200

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE3EDWELL 0.48

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL I. 0

MODE3CPCDELTA ii .0

MODE3DPCDELTA 26.0

MODE4CPCDELTA ii .0

MODE4DPCDELTA 26.0

CHN
SAMPLEWTS 0.05

LOXGACN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 7000

MODEOLL 1800

MODEIUL 75

MODEILL 75

MODEISD 75

MODEIFACT 3.0

MODE2UL 60

MODE2LL 60

MODE2FACT 3.0

MODE3GAIN 325

MODE3SIUL 95"

MODE3SILL 500

MODE3S2UL 500

MODE3S2LL 500

MODE3S3UL 500

MODE3S3LL 500

MODE4GAIN -334

MODE4SIUL 500

MODE4SILL 500

MODE4S2UL 500

MODE4S2LL 500

MODE4S3UL 500

MODE4S3LL 500

0.05 0.!

nO-'qV_

0.2

_U_ WE_<:H: i

0.6
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PAP_ HPFTP =-SCF____GE PRESSURE norm CUTWEIGHT i

QUL 95O0

QLL 0

QRATE 5700

MODEIDWELL 2.0

MODE 3ADg_LL 0.28

MODE3EDWELL 0.36

MODE4AD_LL 0.36

MODE4EDWELL 0.24

MODE5DWELL 1.0

MODE3CPCDELTA I00.0

MODE3DPCDELTA I0!.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA i01.0

CHN
S_MPLEWTS 0.05 0.05 0.I

LOXGAIN -0.25

FU-_LGAIN -0.6

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 9500

MODEOLL 0

MODEIUL 150

MODEILL 150

MODEISD 150

MODEIFACT 3.0

MODE2UL 80

MODE2LL 80

MODE2FACT 3.0

MODE3GAIN 574

MODE3SIUL 850

MODE3SlLL 850

MODE3S2UL 850

MODE3S2LL 850

MODE3S3UL 850

MODE3S3LL 850

MODE4GA!N -586

MODE4SlUL 850

MODE4SiLL 850

MODE4S2UL 850

MODE4S2LL 850

MODE4S3UL 850

MODE4S3LL 850

0.2 0.6
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PARA_'." HPFTP SHAiT SPEED

QUL

QLL

QRATE

MODEIDWELL

MODE 3ADWELL

MODE 3 EDWELL

MODE 4ADWELL

MODE 4EDWELL

MODE 5DWEg_L

MODE3CPCDELTA

MODE 3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

45000

0

27000

2 0

0 24

0 24

0 24

0 24

I 0

I00.0

I01.0

i00.0

i01.0

CKN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SlUL

MODE3SlLL

MODE3S2UT_

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4S!UL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05

0

-4.9

0

0

0

0

0

45000

0

4OO

40O

400

3.0

300

300

3.0

2076

2500

2500

2500

2500

2500

2500

-2088

2500

2500

2500

2500

2500

2500

nc__r,, tUU??EiSHT i

0.05 0.I 0.2 0.6
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HPFTP TUKBiNE DIS TE_ CH A norm CUUWEIGHT !

QUL

QLL

QRATE
MODEIDWELL

MODE3ADWELL

MODE3EDWELL

MODE4ADWELL

MODE4EDWELL

MODE5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

2650

810

5O0

2 0

0 24

0 24

0 24

0 24

1 0

i00.0

i01.0

i00.0

I01.0

CHN

SAMPLEWTS

LOXGAiN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTGP

MODEOUL

MODEOLL

MODEIUL

MODEILL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SlLL

MODE3S2UL

MODE3S2LL

MODE3S3UL

MODE3S3LL

MODE4GAIN

MODE4SlUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05 0.05 0.i

0.0

-0.4

0

0

0

0

0

2650

810

5O

5O

5O

3.0

60

6O

3.0

55

2O0

200

2O0

2OO

2O0

2OO

-55

2OO

2OO

2OO

200

2OO

2OO

0.2 0.6
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HPFTP 7URBiN_E DIS T-:.L=

QUL

QLL

QRATE

MODEIDWELL

MODE3ADWELL

MODE3EDWELL

MODE4ADWELL

MODE4EDWELL

MODE5DWELL

MODE3CPCDELTA

MODE3DPCDELTA

MODE4CPCDELTA

MODE4DPCDELTA

2650

810

500

2 0

0 24

0 24

0 24

0 24

1 0

ii.0

26.0

ii .0

26.0

CHN

SA/4PLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

TIMEGAIN

TIMESTART

TIMESTOP

MODEOUL

MODEOLL

MODEIUL

MODE!LL

MODEISD

MODEIFACT

MODE2UL

MODE2LL

MODE2FACT

MODE3GAIN

MODE3SIUL

MODE3SILL

MODE3S2UL

MODE3S2LL

MODE3S3U_

MODE3S3LL

MODE4GAIN

MODE4SIUL

MODE4SILL

MODE4S2UL

MODE4S2LL

MODE4S3UL

MODE4S3LL

0.05

0.0

-0.4

0

0

0

0

0

2650

810

50

50

50

3.0

60

60

3.0

37

2OO

2OO

20O

2OO

2O0

20O

-45

2OO

20O

2O0

2OO

2OO

2OO

CE B norm

0.05 0.i 0.2 0.6

CUTWEIGHT i
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P_ HPOTP BOOST BUMP RADIAL ...... :ype2

QUL 30

QLL 0

QRATE 18

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA i01.0

CHN

SAMPLEWTS

LOXGAIN

FUELGAIN

LOXOFFST

FUELOFFST

PCREFLMTS

0.05

0

0

0

0

65

90

i00

104

109

iii

0.05

5.5

7.0

8.0

9.0

9.5

9.5

0.i

0

0

0

0

0

0

0.2

CUTWEIGHT 1

0.6
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pA_RAt4 HPOTP LISCH.hRGE _RESSURE

QU% 70O0

QLL 0

QRATE 3000

MODEIDW_LL 2.0

MODE3ADW-ELL 0.24

MODE3EDWELL 0.48

MODE4ADW_LL 0.34

MODE4EDWELL 0.24

MODE5DZrZLL 1.0

MODE3CPCDELTA 16.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA 16.0

MODE4DPCDELTA I01.0

CHN

S;u'4PLEZTS 0.05

LOXGAIN 0

FUELGA!N 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 7000

MODEOLL 0

MODEIUL 140

MODEILL 140

MODEiSD 140

MODEIFACT 3.0

MODE2UL 55

MODE2LL 55

MODE2FACT 3.0

MODE3GAIN 441

MODE3SIUL 450

MODE3S!LL 450

MODE3S2UL 450

MODE3S2LL 450

MODE3S3UL 450

MODE3S3LL 450

MODE4GAiN -464

MODE4SIUL 450

MODE4SiLL 450

MODE4S2UL 450

MODE4S2LL 450

MODE4S3UL 450

MODE4S3LL 450

Y.Or:

0.05 0.i 0.2 0.6

CUTWEI3H7

page 94



SAFDFinaiReport
22December1995

p_kM _ ..... _URGE PRESSHP_a- :,,a_

QUL 650

QLL 0

QRATE 200

MODEiDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.24

MODE4ADWELL 0.24

MODE4EDWELL 0.24

MODESDWELL 0.2

MODE3CPCDELTA 100.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA I00.0

MODE4DPCDELTA I01.0

CHN
SAMPLE_TS 0.05

LOXGAIN 0

FLTELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 650.0

MODEOLL 0

MODEIUL 5.0

MODEILL 5.0

MODEISD 5.0

MODEIFACT 3.0

MODE2UL i0.0

MODE2LL i0.0

MODE2FACT i0.0

MODE3GAZN 1.7

MODE3SIUL 22.0

MODE3SILL 22.0

MODE3S2UL 22.0

MODE3S2LL 22.0

MODE3S3UL 22.0

MODE3S3LL 22.0

MODE4GAIN -1.7

MODE4SlUL 22.0

MODE4SlLL 22.0

MODE4S2UL 22.0

MODE4S2LL 22.0

MODE4S3UL 22.0

MODE4S3LL 22.0

CUTWEIGHT 1

0.05 0.! 0.2 0.6
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...._, DI_ pB__SSL'B.EHPOTPE$3S--r_-= __

QUL 9500

QLL 0
QRATE 4700
MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.48

MODE4ADWELL 0.24

MODE4EDWELL 0.24

MODE5DWELL 1.0

MODE3CPCDELTA 16.0

MODE3DPCDELTA I01.0

MODE4CPCDELTA 16.0

MODE4DPCDELTA i01.0

CHN
SAMPLEWTS 0.05

LOXGAIN -i.0

FUELGAIN 0.5

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 9500

MODEOLL 0

MODEIUL 90

MODEILL 90

MODEISD 90

MODEIFACT 3.0

MODE2UL 150

MODE2LL 150

MODE2FACT 3.0

MODE3GAIN 772

MODE3SIUL I000

MODE3SILL i000

MODE3S2UL I000

MODE3S2LL I000

MODE3S3UL i000

MODE3S3LL I000

MODE4GAIN -827

MODE4SlUL i000

MODE4SlLL i000

MODE4S2UL i000

MODE4S2LL i000

MODE4S3UL I000

MODE4S3LL i000

0.05 0.I 0.2 0.6

nor.-- CUTaTEI GHT i
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pK_R_.vi HPOTP SEC SEAL CAViTY_PR type2

QUL 300

QLL 4

QRATE 180

MODEIDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.24

MODE 4EDWELL 0.24

MODE 5DWELL 0.2

MODE3CPCDELTA 16.0

MODE3DPCDELTA i01 .0

MODE4CPCDELTA 16.0

MODE4DPCDELTA 101 .0

CHN
SAMPLEWTS 0.05 0.05

LOXGAIN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0.05575

TIMESTART 7.0

TIMESTOP 500.0

MODEOUL 300

MODEOLL 4

MODEIUL 3.0

MODEILL 3.0

MODEISD 3.0

MODEIFACT 3.0

MODE2UL i0

MODE2LL i0

MODE2FACT 3.0

MODE3GAIN 2.6

MODE3SlUL 20.0

MODE3SlLL 20.0

MODE3S2UL 20.0

MODE3S2LL 20.0

MODE3S3UL 20.0

MODE3S3LL 20.0

MODE4GAIN -2.3

MODE4SIUL 20.0

MODE4S!LL 20.0

MODE4S2UL 20.0

MODE4S2LL 20.0

MODE4S3UL 20.0

MODE4S3LL 20.0

0.i 0.2 0.6

CUTWEIGHT
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......_ mTc TESLC 2H A

QUL 2650

QLL 810

QRATE 5OO
MODE IDWELL 2.0

MODE 3ADWELL 0.84

MODE 3EDWELL 0.84

MODE 4ADWELL 0.84

MODE 4EDWELL 0.84

MODE 5DWELL 3.0

MODE3CPCDELTA 100.0

MODE3DPCDELTA 101 .0

MODE4CPCDELTA i00.0

MODE4DPCDELTA 101.0

CHN
SAMPLEWTS 0.05

LOXGAIN -0.45

FUELGAIN 1.2

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 150

MODEIU= 75

MODEILL 75

MODEISD 75

MODEIFACT 3.0

MODE2UL i00

MODE2LL i00

MODE2FACT 3.0

MODE3GAiN 57

MODE3SlUL 350

MODE3SILL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE3S3LL 350

MODE4GAIN -50

MODE4SIUL 350

MODE4SILL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S3LL 350

0.05 0.i 0.2 0.6

CUTWEIGHT i
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HPOTPTUF_BINEDIS TEI:QoCH B

QUL 2650

QLL 810

QRATE 5OO

MODEIDWELL 2.0

MODE 3ADWELL O .84

MODE3EDWELL 0.84

MODE4ADWELL 0.84

MODE4EDWELL 0.84

MODE5DWELL 3.0

MODE3CPCDELTA i00.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA i00.0

MODE4DPCDELTA I01.0

CHN
SAMPLEWTS 0.05

LOXGAZN -0.45

FUELGAIN 1.2

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 2650

MODEOLL 150

MODEIUL 75

MODEILL 75

MODEISD 75

MODEIFACT 3.0

MODE2UL I00

MODE2LL i00

MODE2FACT 3.0

MODE3GAIN 60

MODE3SIUL 350

MODE3SILL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE3S3LL 350

MODE4GAIN -60

MODE4SIUL 350

MODE4SlLL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S3LL 350

nOL":T_L

0.05 0.i 0.2 0.6

SUTZ_IGHT I
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PARAde4 LPFTP SEhFT SFEEE

QUL 20000

QLL 0

QRATE 12000

MODEIDWELL 2.0

MODE3ADWELL 0.36

MODE3EDWELL 0.48

MODE4ADWELL 0.36

MODE4EDWELL 0.24

MODE5DWELL 1.0

MODE3CPCDELTA 16.0

MODE3DPCDELTA i01.0

MODE4CPCDELTA 16.0

MODE4DPCDELTA I01.0

CHN
SAMPLEWTS 0.05

LOXGAIN -0.7

FUELGAZN -2.8

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 20000

MODEOLL 0

MODEIUL 225

MODE!LL 225

MODEISD 225

MODEIFACT 3.0

MODE2UL 225

MODE2LL 225

MODE2FACT 3.0

MODE3GA!N 570

MODE3SlUL Ii00

MODE3SlLL ii00

MODE3S2UL Ii00

MODE3S2LL ii00

MODE3S3UL Ii00

MODE3S3LL II00

MODE4GAZN -572

MODE4SlUL ii00

MODE4SiLL ii00

MODE4S2UL ii00

MODE4S2LL Ii00

MODE4S3UL II00

MODE4S3LL II00

no__7.:SUT?_IGHT

0.05 0.I 0.2 0.6
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P_ LPOT_ PUY-P DISCHARGE PRESSURE

QUL 600

QLL 0
QRATE 2OO
MODE IDWELL 2.0

MODE 3ADWELL 0.24

MODE 3EDWELL 0.24

MODE 4ADWELL 0.44

MODE 4EDWELL 0.24

MODE 5DWELL 0.4

MODE3CPCDELTA i00 .0

MODE3DPCDELTA 101.0

MODE4CPCDELTA 100.0

MODE4DPCDELTA 101 .0

CHN
SAMPLEhTS 0.05

LOXGAIN 0.85

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 600

MODEOLL 0

MODEIUL i0.0

MODEILL I0.0

MODEISD i0.0

MODEIFACT 3.0

MODE2UL i0.0

MODE2LL I0.0

MODE2FACT 3.0

MODE3GAIN 18

MODE3SlUL 40.0

MODE3SILL 40.0

MODE3S2UL 40.0

MODE3S2LL 40.0

MODE3S3UL 40.0

MODE3S3LL 40.0

MODE4GAIN -17

MODE4S!UL 40.0

MODE4SlLL 40.0

MODE4S2UL 40.0

MODE4S2LL 40.0

MODE4S3UL 40.0

MODE4S3LL 40.0

0.05 0.! 0.2

CUTWEIGHT 1

0.6

page 101



SAFD Final Report 22 December 1995

MCC P_c_-.S SU_-_, n o_*_";.,.

QUL 3500

QLL 0
QRATE 2100
MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.48

MODE4ADWELL 0.14

MODE4EDWELL 0.24

MODE5DWELL 0.6

MODE3CPCDELTA 9.0

MODE3DPCDELTA 26.0

MODE4CPCDELTA 9.0

MODE4DPCDELTA 26.0

CHN
SAMPLEWTS 0.05

LOXGAiN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMESTART 0

TIMESTOP 0

MODEOUL 3500

MODEOLL 0

MODEIUL 60

MODEILL 60

MODEISD 60

MODEIFACT 3.0

MODE2UL 30

MODE2LL 30

MODE2FACT 3.0

MODE3GAIN 300

MODE3SlUL 350

MODE3SlLL 350

MODE3S2UL 350

MODE3S2LL 350

MODE3S3UL 350

MODE3S3LL 350

MODE4GA!N -300

MODE4SlUL 350

MODE4SlLL 350

MODE4S2UL 350

MODE4S2LL 350

MODE4S3UL 350

MODE4S3LL 350

CU_$EZGH?

0.05 0.i 0.2 0.6
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PAR/_ MCC LZ}_R CAVITY PRESSURE 2ypel

QUL i00

QLL -i00

QRATE 120

MODEIDWELL 2.0

MODE3ADWELL 0.24

MODE3EDWELL 0.24

MODE4ADWELL 0.24

MODE4EDWELL 0.24

MODE5DWELL 0.2

MODE3CPCDELTA i00.0

MODE3DPCDELTA I01.0

MODE4CPCDELTA I00.0

MODE4DPCDELTA i01.0

CHN
SAMPLEWTS 0.05 0.05

LOXGAIN 0

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAI_ 0

TIMEST__RT 0

TiMESTOP 0

MODEOUL i00.0

MODEOLL -I00.0

MODEIUL 3.3

MODEiLL 0.6

MODEISD 3.3

MODEIFACT 3.0

MODE2UL 3.3

MODE2LL 0.6

MODE2FACT 3.0

MODE3GAIN 0

MODE3SIUL 3.3

MODE3SlLL 3.3

MODE3S2UL 3.3

MODE3S2LL 3.3

MODE3S3UL 3.3

MODE3S3LL 3.3

MODE4GAZN 0

MODE4SIUL 3.3

MODE4S!LL 3.3

MODE4S2UL 3.3

MODE4S2LL 3.3

MODE4S3UL 3.3

MODE4S3LL 3.3

0.i 0.2 0.6

CUTWEIGHT
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PARt-2< OPOV AST POSITION norrr_

QUL 105

QLL 0

QRATE 20
MODEIDWELL 2.0

MODE3ADWELL 0

MODE3EDWELL .24

MODE4ADWELL 0

MODE4EDWELL 0

MODE5DWELL 1.0

MODE3CPCDELTA ii.0

MODE3DPCDELTA I01.0

MODE4CPCDELTA ii.0

MODE4DPCDELTA I0i.0

CHN
SAMPLEWTS 0.05

LOXGAIN -0.02

FUELGAIN 0

LOXOFFST 0

FUELOFFST 0

TIMEGAIN 0

TIMEST_qT 0

TIMESTOP 0

MODEOUL 105

MODEOLL 0

MODEIUL 3.0

MODEILL 3.0

MODEISD 3.0

MODE!FACT 3.0

MODE2UL 6.0

MODE2LL 6.0

MODE2FACT 3.0

MODE3GAIN 3.5

MODE3SIUL 12.0

MODE3SILL 12.0

MODE3S2UL 12.0

MODE3S2LL 12.0

MODE3S3UE 12.0

MODE3S3LL 12.0

MODE4GAIN -3.6

MODE4SlUL 12.0

MODE4SILL 12.0

MODE4S2UL 12.0

MODE4S2LL 12.0

MODE4S3UL 12.0

MODE4S3LL 12.0

C UT,^,=I_H_ :

0.05 0.I 0.2 0.6
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